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Why FLENTS Are The Solution To Your Noise Problem: 


@ FLENTS Anti-Noise Ear Stopples are small Because FLENTS mold easily to the contours 


pliable balls of cotton, scientifically impreg- of any ear canal, it is unnecessary to spend 
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In Charlotte, North Carolina 


A. 1. S.1. SAMPLER readings 


reveal year-to-year improvements in 


AIR POLLUTION CONTROL| 


By making a graph of A.I.S.I. Sampler 
readings in Coh Units, Charles S. Frost, 
Director of the Charlotte, N. C. Depart- 
ment of Air Pollution Control, maintains 
an hour-by-hour, day-to-day, and year- 
to-year record of air pollution conditions 
in Charlotte. 

Results of any air pollution regulations 
put into effect can be determined almost 
immediately by reading the A.I.S.I. 
Sampler recordings. 

Charlotte, which is constantly im- 
proving conditions in cleaner air, is one 
of many municipalities throughout the 
country who are maintaining air pollu- 
tion records based on the readings of the 
A.1.S.I. Sampler. 

The low cost of the A.I.S.I. Sampler 
makes it feasible to locate a large number 
of them fcr complete coverage of a 
geographical area; and its quiet opera- 
tion overcomes any objections to its 
location in or near individual residences. 

Research Appliance Company manu- 
factures another sampler, the A.I.S.I. 
Hydrogen Sulphide Sampler, which 
measures the amount of hydrogen sul- 
phide in the air. It can indicate H2S 
concentration as low as one part per 
billion parts of air. 

It operates on the same principle as 
the Air Sampler, but is fitted with an 
air filter to remove suspended solids; 
and the tape assembly is enclosed to 
prevent blackening of the tape, outside 
the sample spot. 

TO ANALYZE THE SPOTS, 
Research Appliance Company manufac- 


tures a Spot Evaluator with which spots 
are evaluated by measurement of light 
transmission. 

Write for descriptive bulletins that 
give complete construction and per- 
formance details of both the samplers 
and the Spot Evaluator. 


RESEARCH APPLIANCE COMPANY 


Box 307 


Allison Park, Pa. 
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PENETRATING 
CLEANLINESS 


lps custodians where they need help mos 


Industrial washrooms need a program of penetrating cleanliness that kills bacteria, 
suppresses odors, removes drain build-ups, even discourages waste while 
encouraging good hygiene. 


What’s involved? 


The three sensible steps of the West Protective Sanitation Program. An inexpensive 
way to help custodians where they need help most. 


What does it include? 


First, a scientific, heavy-duty cleaning of washroom facilities at regular intervals 

as traffic requires. This insures sanitary conditions. Cleans thoroughly. Destroys germs 
that cause T.B., Polio, Typhoid, Influenza and other diseases. Prevents drain 
clogging. And provides for continuous freshening of air. 


Second, training for custodians so that they know how to maintain high standards of 
sanitation between heavy-duty cleanings. 


Third, an analysis of washroom equipment that often leads to easier maintenance 
as well as savings in towels, soap and other supplies. 


The West Protective Sanitation Program frequently prevents enough waste to pay for 
itself. Why not talk it over with a West Sanitation Specialist. Just write. 
Or call your local West office. 


WEST CHEMICAL PRODUCTS INC., 42-16 West Street, Long Island City 1, N. Y. 
| Branches in principal cities e In Canada: 5621-23 Casgrain Ave., Montreal j 
C Please send information on the West Protective Sanitation Program. 


Please have a West Representative telephone for an appointment. 
CHEMICAL 


‘wee INC Name. 
Position 


Mail this coupon with your letterhead to Dept. 
DISINFECTING DIVISION y 
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President’s Page 


This issue of our new Journal represents another forward step in the 
progress of the American Industrial Hygiene Association. The develop- 
ment of our organization has been one of steady, healthy growth. Many 
of our members will recall the trials and tribulations of getting our 
Quarterly started—of financial loss and occasional difficulty in obtaining 
technical papers. Finally, after several years of struggle our Quarterly 
became established and accepted as one of the outstanding publications 
in its field. Now we expand from four to six issues annually and thus 
increase our stature even more. I would like to take this occasion to pay 
special tribute to all of those of the Editorial Staffs which have done such 
outstanding jobs in nursing our struggling Quarterly, which began in 
June 1946, to its present position of maturity and high quality. The 
strength of our entire organization has been built upon the willingness of 
our members to undertake the necessary tasks to operate the Association 
and to produce outstanding results. 

With the passing of the Quarterly and the birth of the Journal I am 
sure that all of our members join me in our thanks to those who have 
brought this publication to its present high level and our good wishes and 
support to our new Editor and all of the Editorial Staffs which may 
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DORS which exist in the atmosphere differ 

from one another in the type of response 
they evoke in various individuals. Odor charac- 
teristics are usually referred to by descriptive 
words.‘ Instrumentation in the field of odor 
measurements has produced the Zwaardemaker 
olfactometer, the Fairs-Wells osmoscope, the syr- 
inge technique, the Mateson multi-stimulus ol- 
factometer, and many others.’ In most cases, di- 
lution of the odorant with odor-free air is the 
principle used to determine the perception thresh- 
old of a subject. Operational procedure, how- 
ever, differs with the various instruments. The 
instrument herein described utilizes this same 
principle but also includes (1) the olfactory iso- 
lation of the subject from the environment be- 
ing measured and (2) the reduction to a minimum 
of his participation. 


Odor Evaluation Apparatus 


The instrument consists of three independently 
controlled air supply systems: (1) the odor-free 
air supply; (2) the odorous-air sampling sys- 
tem; and (3) the calibrated odorous-air supply 
(Figures 1 and 2). Metered air is pumped to a 
hood (Figure 3) which isolates the subject from 
the environment and in which he detects the 
odor. 

The odor-free air supply provides (1) environ- 
mental air in which the subject makes his ob- 
servation; (2) absolute zero reference odor stim- 
ulus for perception threshold determinations; 
(3) purging air to resensitize the subject’s sense 
of smell following an odor stimulus; and (4) 
dilution air which mixes with the odorous air to 
provide the stimulus given the subject. This air 
is supplied through filter, F, , from the environ- 
ment in which the instrument is located and from 
absorber, A,. It is desirable to maintain high 


flow rates (15-20 L/min.) at all times from this 
supply (1) to meet the high dilution require- 
ments of the apparatus; (2) to satisfy the breath- 
ing needs of the subject; and (3) to keep the 


An Odor Evaluation Apparatus for Field 
and Laboratory Use 
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Physicist, Community Air Pollution Program, Robert A. Taft Sanitary Engineering 
Center, Cincinnati 26, Ohio 


Presented at American Industrial Hygiene Association Meeting, April 25, 1957, 
St. Louis, Missouri 


pump working near free-flow conditions for 
longer life. 

The odorous-air sampling system provides 
& means of sampling a metered amount of air 
from any odorous atmosphere: at the source of 
pollution, at points downstream from such 
sources, or from calibrated odorous atmospheres. 
The two-way valve, V,, introduces odorous air 
into the apparatus from either of two points de- 
pending upon the source to be sampled. For at- 
mospheric sources, V,, is set to sample through 
filter, F.. For calibrated odorous atmospheres, 
V, is set to sample from point A, which is a tap 
into the calibrated odorous-air stream. This valve 
may be closed at any time so that the odorous- 
air supply to the subject is cut off entirely while 
a given flow-rate setting on V, is maintained. Use 
of the two air-flow rate meters, M, and M,, gives 
an overlapping range which extends from 1.5 
ec/min. to 425 cc/min. 

The calibrated odorous-air supply is a con- 
trolled source of odorous air. It is used to deter- 
mine the perception threshold of pure compounds 
in the laboratory and to calibrate the odorous- 
air sampling system in the field. The air stream 
from the diffusion cell,° C, to the absorber, A, , 
is the source of calibrated odorous air. The type 
of odor is controlled by the choice of odorant 
used in the cell. The concentration of any odor 
in the air stream depends upon the physical 
parameters of the diffusion cell, the temerature 
and the vapor pressure on the odorant, and the 
air-flow rate through the meter, M,, which is 
controlled by the valve, V;. These conditions 
are known or may be determined and the odor 
concentration may be calculated. 

The filters, F, , F, and F; , remove particulates 
from the air to prevent clogging the needle valves 
which permit a fine flow control within the meter 
range. It is necessary that a sufficient pressure 
drop (approx. 1.5 inches of water) be provided 
by F, to maintain a flow in the calibrated odor- 
ous-air stream. Teflon and glass tubing were used 
in all the critical areas to minimize possibility of 
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ODOR EVALUATION APPARATUS 


FIGURE | 


F,, Fs, Fs = 
M, 
Ms. = glass airflow meter, 15-40 cc/minute. 
M; = glass airflow meter, 15-425 cc/minute. 
M, = glass airflow meter, 9-900 cc/minute. 
V,, Ve, V; = brass needle valves. 

Vs, Vi = glass two-way valves. 


glass wool filters. 


A, = plastic activated charcoal absorber column, 2-4” o.d. x 15” length, Y% 


A 


plastic airflow meter, —30 liters/minute. 


wall. 


» = plastic activated charcoal absorber column, 1” 0o.d. x 12” length, 4%” wall. 


P = earbon vane oilless air pump, approx. 25 liters/minute free air flow. 
110 v.a.c. motor for laboratory or 63 v.d.c. for field. 


H = Teflon hood with glass viewing window. 


C = odorant glass diffusion cell, approx. 4.0 mm. diam. and 10 em. capillary. 
Glass or teflon is used for all connecting tubing. 


Ficure 1 


odor absorption and contamination. A headgear 
(Figure 3) within the teflon hood fits on the 
subject’s head. Pinpoint orifices along the bot- 
tom of a length of copper tubing direct a cur- 
tain of air downward in front of the subject’s 
face. The activated-charcoal absorber, As , serves 
as a pre-cleaner on the calibrated-odor air stream 
so that absorber, A,, does not become over- 
loaded. The air flow circuit is specifically de- 
signed to permit one pump to handle all three 
flow systems independently of one another. The 
pump capacity is satisfactory for the purpose. 


Operational Procedure 


The apparatus itself cannot detect odors. A 
human subject is an integral part of the instru- 
ment and his sense of smell is the detector to 
which the odorous and odor-free air-mixture is 
directed. The teflon hood placed over the sub- 
ject’s head isolates him from the test environ- 
ment. He makes all judgments regarding the 
odors directed to him within the hood. The in- 
strument operator manipulates the instrument 
controls to change the odor concentrations going 
to the hood. He also records the responses of the 
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subject to the odor stimuli. There is no verbal 
communication between subject and operator. 
The subject has no knowledge that an odor stim- 
ulus is or will be given except as he smells it. 
lis responses are transmitted by prearranged 
hand signals. 

The subject refrains from smoking at least one- 
half hour before taking a test. Tests are not 
given if the subject has a cold or an active case 
of sinus or allergy. 

The subject is given odor-free air for two 
minutes. This appears to be a long enough pe- 
riod to sensitize his sense of smell in case of 
previous fatigue from environmental odors. The 
flow rate of the odor-free air is held constant at 
18,800 ce/min. throughout the test. Odor con- 
centration in the mixture of odor-free and odor- 
ous air is varied by changing the flow rate of the 
odorous-air component. If the subject gives an 
odor response during the initial two minutes of 
purging, he continues to receive odor-free air 
until a minute elapses without an odor response. 
Subsequent to every odor stimulus, the subject 
is given one minute of odor-free air for resensi- 
tization in case of unconscious adaptation. Again, 
if odor responses are given during these periods, 
the odor-free stimulus is continued until a min- 
ute elapses without an odor response. 

For the duration of all tests the flow rate of 
the calibrated odorous-air stream is held con- 
stant at a value of 400 cc/min. When the odor 
stimulus is increased by adjusting V. , there tends 
to be a change in V/, unless it is compensated by 
an adjustment of V; to keep it constant. If the 
room temperature does not fluctuate more than 
about +0.5°C during the tests, no attempt is 
made to provide a constant-temperature bath 
ior the diffusion cell. 

The odor stimulus consists of introducing a 
metered amount of odorous air into the odor- 
free air stream. The odor stimuli are reported in 
terms of metered air flows which are increased in 
magnitude by a factor of approximately 1.5. 
Odor stimuli are of one-minute maximum dura- 
tion and are given in an ascending order of con- 
centration. If an odor response is given in the 
earlier part of the minute, the stimulus is con- 
tinued for about 10-15 seconds and then with- 
drawn to minimize. adaptation. To check the 
veracity of each initial odor response, it is fol- 
lowed by an odor-free purging and a repeat of 
the same odor stimulus. 

The concentration of odorant given the subject 
on the bases of metered rates of air flow is eal- 
culated from Equation (1). 


(1) Cc = 
M.d(M, Mo_s) 


Figure 2 


Figure 3 


where C = concentration in parts per billion 
r = cell-diffusion rate in pg/min. 
M, = flow rate of odor-free air in ce/min. 
Me; = flow rate of odorous air in e¢/min. 
M, = flow rate of calibration air in 
ec/min. 
d = air density at 26°C in g/ee. 

When the odorant is unknown or it is a mix- 
ture of odors, the concentration cannot be deter- 
mined by Equation (1). An informative charac- 
teristic, however, is the dilution requirement of 
the odorant necessary to reduce it to its percep- 
tion threshold. This is expressed as the dilution 
ratio, D, which is calculated as the ratio of the 
metered rates of air flow as in Equation (2). 


(2) 


The operator records the stimuli as he applies 
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TABLE | 
Data Form on Subject’s Responses to 
Odor Stimuli 
Subject: Miss Odeva 
Time: 9 A.M. 
Date: 2/11/57 
Odorant: Methyl! Salicylate 
Temperature: 26°C. 
M, = 18,800 cc /minute 
M; = 400 cc /minute 


Stimuli and 
Responses 
Odor Odor-free 


Odor-free Odor 


85 
130 
195 
290 


them and the corresponding responses made by 
the subject. If there is correlation between the 
stimulus and the response, the response is marked 
positive (+); if correlation is lacking, it is re- 
corded negative (—), (Table I). The test does 
not include all possible stimuli to avoid over- 
taxing the subject. An estimate is made of the 
concentration at which the subject would re- 
spond and stimuli are started below this value. 
If the first odor stimulus elicits a positive re- 
sponse, a second is given at a much lower con- 
centration to permit the subsequent stimuli to 
be given in an ascending order. The test is 
stopped at a point where the subject repeats 
himself on a positive response. As a further check, 
he is occasionally given the next higher stimulus. 


Diffusion Cell Calibration 


The cell-diffusion rate, 7, given in Equation 
(1) is determined for each specific odorant under 


TABLE II 
Calibration Data 


Diffusion Rate 


Vapor Pressure® 
mm Hg 


Odorant 
26°C.- 
Calcu- 
lated 
Butyric Acid 5.0 1.03 2.! 0.47 
Meta Cresol 0.88 0.165 OF 0.18 
Methy! Salicylate 0.79 0.190 8 0.40 
Toluene* 74.0 30.0 d 11.5 


* Calibration temperature was 45°C. 
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test. This is done empirically by measuring the 
weight loss in the cell and the time elapsed. Air 
is pumped through the upper flask of the cell 
to maintain the vapor-pressure differential con- 
stant across the capillary. Since the rate of dif- 
fusion is very low at room temperature, it is 
necessary to perform the calibration at a higher 
temperature (50°C) in a constant-temperature 
bath to obtain a measurable weight loss. Losses 
in milligram quantities require elapsed time in 
excess of 20 hours. Error of measurement of small 
difference (mg) between large values (180 g) is 
estimated to be at best 20% and possibly greater. 

From the measured value at a higher tem- 
perature, the rate of diffusion at room tempera- 
ture, at which the odor tests are given, is cal- 
culated using Equation 3.° 


where 7, = calculation diffusion rate at room 
temperature in pg/min. 
r, = measured diffusion rate at calibration 
temperature in pg/min. 
T, = room temperature in °K. 
T. = calibration temperature in °K. 
P = total pressure (atmospheric) in mm 
Hg. 
p, = vapor pressure of odorant at 7, . 
P2 = vapor pressure of odorant at T.. 
Fluctuations in total pressure were so small that 
assumption of its constancy introduced less than 
a 2% error. 
Equation (3) is simplified by the use of the 
series expansion, 
hed 3 
et = 1 z+ 


! 
! n! 


When x < 1, this expansion is reduced to 
ez 


Rewriting this reduced expression in terms of 
natural logarithims and letting « = p/P, 


In{ 1 an 
P P 


Equation (3) becomes 


(4) fe = 
I's po 


when i. 
P 


The above procedure of calibration was ap- 
plied to the four odorants used in this study at 
the temperatures shown in Table IT. 
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Empirical Check of Concentration 


The concentration of the odor stimulus is 
based on a calculation using Equation (1) which 
involves empirical data from the calibration of 
the diffusion cell and the metering of the air-flow 
rates. It is desirable to check experimentally the 
odor concentration of the air stream presented 
to the subject against the calculated value. Meta 
cresol was the odorant used since there is a sen- 
sitive colorimetric test’ for it in the parts per 
million range. The odor apparatus was operated 
under normal conditions for maximum odor 
stimulus except that the odorous and odor-free 
mixture which normally went to the hood was 
passed through 250 ml. of 0.1 N solution of NaOH 
in a Greenburg-Smith impinger for about 6 
hours. There was a water vapor loss of 75 ml. 
which was replaced with distilled water. The loss 
of meta cresol was assumed negligible consider- 
ing its very low concentration in an alkaline solu- 
tion. The efficiency of the standard Greenburg- 
Smith impinger has been shown to be better than 
95% for low concentrations of SO, in air at sam- 
pling rates of about 20 liters/minute’ 

The calculated odor concentration was 8 ppb. 
The experimental check gave a value of 9 ppb. 
Such correlation (within error of measured val- 
ues) indicates little loss of odorant in the in- 
strument due to adsorption on the component 
walls. 


Individual Perception Thresholds 


Minimum perception threshold has meaning 
only when it refers to an individual. Even then, 
it must be evaluated on a statistical basis be- 
cause it lies in a “transition zone.’* No one stim- 
ulus exists which meets the two conditions: (1) 
that all values below it never produce a response, 
and (2) that all values above it always produce a 
response. There is a region of gradual transition 
from no response to response. The threshold 
usually reported is an estimate of the central 
tendency of the transition zone. In this investi- 
gation, the individual perception threshold (JPT) 
is defined as the lowest concentration of a par- 
ticular odor at which a subject gave both an 
initial positive response and a repeated response 
when the same stimulus was given a second time. 
This procedure tended to establish an 7PT near 
the upper limit of the transition zone and to give 
reproducible values (Table UII). Two subjects 
were tested on methyl salicylate over a period 
of six days with excellent reproducibility of 7PT 
results (Figure 4). 


Population Perception Threshold 


Because 7PT values vary from one person to 
another and have no meaning when applied to 


TaBLe III 


Individual Perception Thresholds for 
Odorants 


| IPT Values parts per billion 


Odorant - — 
#1 #2 #3 
Butyric Acid 2 3 4.5 
Meta Cresol 3 0.5 >8 0.05 
Methy! Salicylate 4 4 6 4 
Toluene 510 170 510 21 


Individual Perception Threshold (ppb) 


Figure 4. Individual Perception Threshold 
(IPT) as a Function of Time, (Methyl Salicylate) 


anosmies, it is necessary to develop a perception 
threshold applicable to a specified population. 
The population perception threshold (PPT50) 
for a particular odor is defined, therefore, as that 
concentration below which 50% of the people 
who have a capable sense of smell are able to de- 
tect an odor. The /PT of thirty-one subjects were 
measured for methyl salicylate. Ten subjects 
were selected as representative of a population 
having at least average olfactory sensitivity. 
These were tested for JPT of butyric acid. The 
diffusion cell used did not provide odor stimuli 
of the concentration required to establish the 
PPT5O of toluene and meta cresol. 

The JPT showed a log normal distribution. A 
comparison of the results (Table IV) using the 
same panel of ten subjects shows an appreciably 
broader distribution of values for butyric acid 
than for methyl salicylate. The geometric stand- 
ard deviation reveals that if the population re- 
sponse to the perception of methyl salicylate is 
to increase from 50% to 84%, the concentration 
must be increased by a factor of 1.6. For the 
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TaBLE IV 
Estimated Population Perception Thresholds 


Geometric 
Standard 
Deviation* 


PPT50 


Subjects 
Odorant Subjects ppb 


Methyl Salicylate 


Butyrie Acid 16 18 


* Geometric standard deviation is a measure of the spread of 
the distribution and is defined as the ratio of the IPT value at 
the 84% frequency to that at the 50% frequency in a cumulative 
plot. 


TABLE V 
for Odors in an 
Atmosphere 


Dilution Ratios Industrial 


Odor 
Dilution 
Ratio 


: Sampling 
Point 


Intensity Quality 


Disposal Border of | Strong Nauseat- 
area area ing 

Plastic In front of 
mfg. plant 


Plastic 


Phenolic 


One square) Moder- 
mfg. down- ate 
wind 
Plastic One square; Mild 
mfg. down- 
wind 
Chem. 
Industry 


Moder- 
down- ate 
wind 


One square Medicinal 


sume increase in response for butyric acid, how- 
ever, the factor is 18, a better than ten-fold in- 
crease. The data show that the selection of a 
panel of ten from the initial thirty-one subjects 
has resulted in a much narrower distribution 
with a lower PPT50. 


Field Testing in an Industrial Environment 


A limited investigation was made in which the 
apparatus was field tested against odors in the 
vicinity of industrial plants. Only dilution ratios 
were measured, using two to three subjects, be- 
cause the odors were unknown mixtures (Table 
V). 

The apparatus was located inside an auto- 
mobile and operated from the car battery. A 
sampling tube was extended through a narrow 
opening of the window into the outside atmos- 
phere. It was necessary that the operator check 
the atmosphere to note the intensity between 
tests and to confirm it during the test. A change 
in either wind direction or plant output occurred 
between the last two tests at location B and re- 
sulted in a reduction in the intensity observed. 
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Odor concentrations were given descriptive 
terms as shown in the intensity and quality col- 
umns. Dilution ratios for the same type odor 
observed under three intensity levels at location 
B give an objective relative measure of descrip- 
tive terms which would otherwise be difficult to 
relate to one another. 


Study of Odor Characteristics 


This apparatus may be used to determine rec- 
ognition thresholds in the same manner described 
for perception thresholds. It will be necessary, 
however, to operate the calibration portion of the 
instrument at higher concentrations with which 
the recognition level conforms. These higher 
concentrations may be obtained by increasing 
the rate of diffusion from the cell either by op- 
erating it at a higher temperature or, more 
simply, by changing the capillary diameter. The 
rate of diffusion is proportional to the square of 
the diameter. 

When recognition threshold values have been 
established for odorous-air pollutants, the in- 
strument can be used to evaluate concentration 
levels in the atmosphere on the basis of dilution 
requirements. Sensitivity of the olfactory sys- 
tem makes the instrument very useful as an ana- 
lytical tool in the parts per million range of con- 
centrations and in some cases as low as parts per 
billion. 

The intensity of an odor is frequently evalu- 
ated on a subjective basis and classified by de- 
seriptive terms into about five levels ranging 
from odorless to overpowering or very strong. 
To reduce the subjectiveness of this type of eval- 
uation and its variance with time, standards for 
comparative evaluation may be established based 
on statistical findings on an objective basis in 
terms of known flow meter readings and eali- 
brated odor concentrations. 

This instrument is also applicable to the meas- 
urement of odor-dilution requirements of stack 
effluents, particularly in an evaluation made in 
terms of the odor unit.’ 


Odor Responses 


Response to an odor stimulus usually oceurred 
within 10 to 30 seconds. The subject’s personal 
inclination was often reflected in the time re- 
quired for his response. Some responded to the 
stimulus with their first breath while others cau- 
tiously inhaled it a number of times before re- 
sponding. Adaptation was observed when an 
odor stimulus was continued after a positive re- 
sponse was given. The subject lowered his hand 
although the odor stimulus was continued, indi- 
cating that he had lost sensitivity to the odor. 
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This adaptation occurred within 10 to 15 see- 
onds from the time the subject raised his hand. application in the field has been made. 
Some of the subjects who had shown adaptation 

also gave indications of resensitization to lower Acknowledgement 

concentration by a momentary response during 
the early part of the purge cycle. 

Some subjects showed an effect which may in 
part have resulted from odor retention or mem- 
ory. When given odor-free air following a posi- 
tive response to an odor stimulus, they indicated 
continued detection of the odor for as long as 15 
to 60 seconds. This may also have been due to References 
the presence of small concentrations of odor as 1, Byro, J. F.: 
a result of dilution in the early stage of purging. 

At stimuli of concentrations above their : 
(greater by a factor ranging from 2 to 10), the 2. Crocker, E. C.: Seeking a Working Language for Odors 
subjects gave a variety of answers regarding the 3 
odor quality. Such descriptive terms as coffee, and Thresholds. Chem. and Engr. News, 
plastic, sweet, cheese, ete. were given in the test 4. Guitrorp, J. P » Psychometric Methods. McGraw-Hill 
on methyl salicylate (wintergreen odor). Within 
the range of the test, no one recognized the odor. 


The development and operation of an odor- 
evaluation apparatus for use in the field or labo- and Industrial Wastes, Modified 
ratory have been described. The instrument has Method for Phenols, pg. 340, 10th ed. 1955, American 
been tested in the laboratory and data on the 
individual perception threshold (JPT) of butyric 
acid, meta cresol, methyl salicylate, and toluene 
have been obtained. An estimate of the popula- 
tion perception threshold (PPT50) was made 


Industrial Hygiene Journal 7 


for two of these odors. A preliminary test of its 


The author wishes to express his appreciation 
to Mr. H. J. R. Stevenson and Dr. A. T. Rossano, 
Jr. for their proposal of the problem and sugges- 
tions, to all the subjects who participated in the 
tests, and to Dr. E. K. Harris for his advice on 
the statistical aspects of the problem. 


Demonstration-Syringe Odor Measurement 
Technique. Proc, of Metropolitan Cincinnati Conf. on Air 
Pollution Control, October 1956. 


and Flavors. Ind. and Engr. Chem., 27, 1225, 1935. 
. Crocker, E. C. ano Ssostrom, L. B.: Odor Detection 
27, 1922, 1949. 


Book Co., Ine., ..ew York. 

5. Mateson, J. F.: Olfactometry, Its Techniques and Ap- 
paratus. Journal of Air Pollution Control Assoc., 5, 167, 
1955. 


Summary 6. McKetvey, J. M. Hoewscuer, H. E.: Apparatus 


for Preparation of Very Dilute Gas Mixtures. Analytica! 
Chemistry, 29, 123, 1957. 
7. Standard Methods for Examination of Water, Sewage 
4-Amino Antipyrine 


Public Health Assoc., Inc., New York. 

8. Stanc, A. M., Zatcx, J. E., anp Rosson, C. D.: A 
Colorimetric Method for the Determination of Sulphur 
Dioxide in Air. American Ind. Hyg. Association, 12, 5-8, 
1951. 

9. StuLL, D. R.: Vapor Pressures of Pure Substance Organic 
Compounds. Ind. and Engr. Chem., 39, 517, 1947. 


mont course on Light and Vision is to be presented by the University of Michi- 
gan and the Illuminating Engineering Society at Ann Arbor on March 19, 20, 
and 21, 1958. This course is designed to inform industrial hygiene personnel on the 
fundamentals of light and visual performance to the end that this group may engage 
increasingly in studies of proper illumination in occupational environments. 

Detailed instruction will be given on the measurement of light by commercially 
available instruments together with a discussion of methodology for conducting a 
survey, the latter paper to be presented by the Executive Secretary of the American 
Industrial Hygiene Association. Sufficient information will be included on application 
of lighting facilities to various occupational environments to permit the industrial 
hygienist taking the course to obtain a good appreciation of problems involved in this 
area. 

An enrollment fee of $10. for the course includes published proceedings and a 
certificate of attendance. Copies of the program and further information concerning 
the course may be obtained from the Continued Edueation Service, School of Public 
Health, 109 S. Observatory Street, Ann Arbor, Michigan. 
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Introduction 


oo and radioactivity predate the 
formation of the earth and are used to cal- 
culate the age of planets. The fact that certain 
radioactive elements, such as uranium, thorium, 
and potassium, which have accurately deter- 
mined half lives, are still found in nature today is 
a reliable indication that they could not have 
existed forever and therefore had a beginning in 
time. The calculated time of the formation of 
these elements yields a figure of approximately 
four billion years which is taken as the age of the 
earth, 

Life appeared on this planet approximately 
one billion years ago and man approximately 
fifty million years ago.’ Life in its earliest form 
was much simpler than organisms now in exist- 
ence. Evolution is the transitional process by 
which our ancestral forms of life developed to 
those existing today. One of the three primary 
attributes of life which has made evolution pos- 
sible is mutation. Mutation means change and 
is the natural progressive process by which new 
variations in the patterns of life are created and 
without which there would be no variety and 
life would not have evolved beyond its first 
forms.’ It is reported that radiation will cause 
an increase in the rate of mutation and part of 
the so-called spontaneous mutability can be at- 
tributed to background ionizing radiations? 
Therefore, radiation can be considered a factor, 
along with chemical agents and other natural 
factors, contributing to our evolution which has 
not changed much in recent times. 

Any material in the path of radiation receives 
an exposure cr dose of radiation. The dose or 
exposure received is proportional to the ab- 
sorption or attenuation of the radiation. The 
radiation which is attenuated or absorbed inter- 
acts with the absorbing medium in such a man- 
ner that some atoms or molecules are ionized. If 
these ionized atoms, or molecules, are compo- 
nents of living cells, this interaction can cause 


Presented by Dr. Simon Kinsman at the AIHA meeting 
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Background Radiation Exposures of the 
General Population 


SIMON KINSMAN 


Deparament of Health, Education, and Welfare, Public Health Service, Robert A. Taft 
Sanitary Engineering Center, 4676 Columbia Parkway, Cincinnati 26, Ohio 


changes, including injury or death to the cell. 
Consequently, the effect of radiation on any liy- 
ing tissue results in some degree of damage to 
the tissue. 

Lhe geneticists state “Everyone is subjected 
to the natural background radiation which causes 
an unavoidable quantity of so-called spontane- 
ous mutations. Anything that adds radiation to 
this naturally occurring background rate causes 
further mutations, and is genetically harmful. 
There is no minimum amount of radiation which 
must be exceeded before mutations occur. Any 
amount, however small, that reaches the repro- 
ductive cells can cause a correspondingly small 
number of mutations. The more radiation, the 
more mutations. The harm is cumulative. The 
genetic damage done by radiation builds up as 
the radiation is received, and depends on the 
total accumulated gonad dose received by people 
from their own conception to the conception of 
their last child. So far as individuals are con- 
cerned, not all mutant genes or combinations of 
mutant genes are equally harmful. A few may 
cause very serious handicaps, many others may 
produce much smaller harm, or even no appar- 
ent damage. But from the point of view of the 
total and eventual damage to the entire popu- 
lation, every mutation causes roughly the same 
amount of harm. This is because mutant genes 
can only disappear when the inheritance line in 
which they are carried dies out. In cases of severe 
and obvious damage this may happen in the 
first generation; in other cases it may require 
hundreds of generations. Thus, for the general 
population, and in the long run, a little radiation 
to a lot of people is as harmful as a lot of radia- 
tion to a few, since the total number of mutant 
genes can be the same in the two cases,’” 

With this in mind it seems worthwhile to ex- 
amine the dose rate from background radia- 
tions and use it as a base for other calculations 
and as a guide for recommending permissible 
population exposures. The data used were ob- 
tained from the sources listed in the bibliography 
and are presented here for evaluation of dosage 
to human gonads. 
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The dose to soft tissues in the body will not 
differ greatly from that to the gonads, with the 
exception of lung tissue which may be irradiated 
by radon, thoron, and their decay products in 
the inhaled air. Since alpha and beta rays are 
easily absorbed, even by the elements of low 
atomic number which constitute soft tissues, the 
dose to the gonads from external sources may be 
considered to be due entirely to cosmic and local 
gamma radiation. The dose from internally ac- 
quired radioactivity, however, arises to a large 
extent from particulate radiation such as the 
beta and alpha rays.‘ 

Body dose is accrued by exposure to (1) ex- 
ternal radiation sources, such as cosmic radia- 
tion, terrestrial radioactivity, and to a lesser ex- 
tent local environment which may depend on the 
radioactive content of the construction material 
of one’s abode, and (2) internal sources of radia- 
tion, such as radioactive materials taken into the 
body from air, food, and water. Each of these 
radiation sources will be discussed separately and 
summarized collectively. 


External Radiation 


Cosmic RapiaTtion.—Cosmie radiation is that 
radiation which pertains to the universe as a 
whole and not to the earth alone. At one time, 
it was thought that cosmic rays consisted of pho- 
tons of higher energy than gamma photons. This 
concept accounted for the extensive penetrating 
power of cosmic radiation but did not explain its 
complex nature. Cosmic radiation is now thought 
to be composed of high energy alpha particles, 
heavy ions, and protons which react with the 
earth’s atmosphere to give rise to photons, elec- 
trons, mesons, and neutrons.* Cosmic radiation 
is an important contributor to the natural back- 
ground. At sea level, uder normal conditions, 
about 25% of the total background dosage to the 
human population is from cosmic radiation.’ 

The intensity of cosmie radiation varies with 
altitude and also with the geomagnetic latitude, 
as could be expected from extra-terrestrial 
charged particles entering the earth’s magnetic 
field. At sea level the cosmic ray intensity at the 
geomagnetic equator is about 10% lower than 
the intensity at high latitudes.’ (See open ocean 
measurements, Table 3). The variation of radia- 
tion with altitude are given in Table 1° Since 
the dose rate at about 40,000 feet is approxi- 
mately 100 times the dose rate from cosmic 
radiation at sea level, this is an exposure factor 
worth consideration in high-altitude flights. 

TERRESTRAL RADIATON—LAND, WATER, AIR 
AND ENvironMENT.—Of the elements 
found in the earth’s crust, approximately one- 


TABLE | 
Estimates of Cosmic Ray Dose at Higher 
Altitudes* 
Intensity 
Altitude, ft. Ion pairs/ mrad/yr Source 
cm#-sec-atm 
Sea Level 2.20-2.42 31-34 Libby, 1955 
5,000 10 to 60 
10,000 80 to 120 
15,000 160 to 240 
20,000 300 to 450 
30,000 100 1400 Neher, 1953 
40,000 200 2800 
50,000 300 4200 
60,000 370 5200 
70,000 ~5600 Estimatedt 


* At ~50° geomagnetic latitude. The range given by Libby 
includes the latitude effect. the higher values t eing applicable at 
high latitudes. 

t The dose at this altitude appears to be at a maximum. The 
estimate was from a statement by Lowder and Solon that the 
maximum ionization intensity from cosmic radiation was 150-200 
times that at sea level. 


sixth of them are radioactive. These radionuclides 
are C“%, K*, Rb”, La™, Sm™, Lu’, Re™, and all 
elements above atomic number 83, which con- 
stitute the following four natural decay series: 
uranium, thorium, actinium, and neptunium.’ Of 
these sixteen radionuclides, only the members of 
the uranium and thorium series, plus K", con- 
tribute significantly to external background 
gamma radiation. The remaining naturally oc- 
curring radio-elements are not present in suffi- 
cient quantities, their activities are not high 
enough nor their radiations energetic enough to 
add any significant doses to the gamma exposures 
of the general population. 

An estimate of the uranium content of the 
earth’s crust is 10° tons. The distribution, how- 
ever, is such that the concentration in surface 
rocks is 6 parts per million wherein thorium is 
twice as abundant or 12 ppm and radium is 
2 x 10° ppm. Surface soils have an average con- 
centration of about one-half these values yet a 
volume of soil occupying a square mile of area 
and a depth of one foot would contain 1 gm. Ra, 
3 tons of U and 6 tons of Th.” 

In addition to uranium, thorium, and their 
decay products, potassium is the only other nat- 
urally occurring element which has a radioiso- 
tope that makes a significant contribution to 
terrestrial background radiation. Potassium is a 
relatively common element whose natural oc- 
currence varies from a few tenths of a percent in 
limestone to six percent in granite with an av- 
erage concentration of 3.55% in granite, 3.5% 
in alum shales, 1% in sandstone and 1.6% in soil. 
The radionuclide K* constitutes 0.0119% of all 
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naturally occurring potassium. The background 
radiation contribution of K*” and the other im- 
portant radionuclides in granite and sedimentary 
rock is given in Table 2° and 3/ 
Warter—The naturally occurring radionu- 
clides which comprise the background radiation 


TABLE 2 
Typical Background Radiation Intensities From 
Granite Rock Components® 


Altitude of Ground 


Surface 
Sea level 5,000 ft 
Potassium in granite 40 mr/yr 40 mr/yr 
Thorium in granite 
Uranium and radium in granite _ Sale 20 * 
Total external ground radiation “ay” 


TABLE 3 
Total Radiation Dosages From Normal 
Background Radiation (mr/yr)? 


Ordinary Typical sedi- 
granite mentary rock Open Ocean 
Altitude of ground 
Equa- | Equa- | -; Equa-|-->o 
tor | N tor | 55° N | tor p> N 
Sea level 143 
5,000 150 170 83 103 


| 7¢ | 80 | 53 | 87 
| | 
| 


10,000 190 | 230 | 123 | 163 
15,000 270 | 350 | 203 | 283 
20,000 414 | 560 | 347 | 493 

TABLE 4 


Concentrations of Radioelements in Ocean Water 
and Sediment Expressed in ppm or mg/kg* 


Element Ocean Water Ocean Sediment 
6.2 to 28.2 K 104 
Th 1.2 X 10°*to7 X 10-4 
Ra 0.7 to 30 X 107 1 to 22 X 10° 


K* 3.8 X 10? 


TABLE 5 
Radium and Uranium Content of Drinking 
Water*: § 


Water Source |Radium X 107*| Uranium X 


g/ml H.O g/ml 
London <i 
United States: Cities 0.1 to 1.4 1.5 to 64 
Rural Area 0.3 to 23 
Germany: City 1.4 to 3.1 | 
Mineral Waters | 130to240 | 
Thermal Springs ~1100 | 
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of our hydrosphere are the same radioisotopes 
which make a significant contribution to the 
background of the lithosphere, namely, K*, U, 
Th, Ra, and its deeay products. The concentra- 
tion ranges of these elements in ocean water and 
ocean sediment are given in Table 4,° and the con- 
centrations of Ra and U in drinking water are 
listed in Table 

Air.—The radioactive components of air are 
the gaseous decay products of the uranium and 
thorium series and their respective daughter 
products, which are considered particulate mat- 
ter in the atmosphere. The actual concentration 
of the radioactive gases in the air depends on 
location (Table 6),* and atmospheric conditions. 
For instance, the concentration of Rn and Th in 
air above the land is less on days when snow is on 
the ground because the snow blanket interferes 
with their free escape from the ground to the 
air, and the degree of ventilation changes their 
concentrations (Table 7, 8). 


TABLE 6 
Radioactivity in Air*4 


Situation 
Open Air 
London 1 to3 
Rothamstead 0.3 
Innsbruck 4.3 
Over oceans 0.01 
In Houses 
Sweden: Wood 5.3 0.28 
Brick 9.1 0.91 
Shale-concrete 18.6 0.96 
Britain Laboratory 0.8 
Cellar 7.8 
Air-raid shelter 118 
Jaochinstal mines 30,000 


* Data mainly from Hultqvist (1956) 


TABLE 7 
Radon-equivalent Contents of Apartments in 
Sweden‘ 


= Radon-equiv. content, curies/|! 
s 
Average Highest Lowest 
| 
Wood 
No ventilation 36 | 0.411 1.7 0.032 
Ventilation 24 0.420 1.0 0.048 
Brick } 
No ventilation 75 1.28 8.2 0.066 
Ventilation 40 0.702 4.6 0.064 
Light-weight con- 
crete with 
alum shale 81 3.59 16 0.28 
Ventilation 28 1.81 5.9 0.071 
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Observer & Date Location 


Mauchly, 1624 

Hess, 1943 

Burke & Nolan, 1950 
Meyers & Hess, 1952 
Hess, 1953 

Anderson et al., 1954 


All oceans 

New York City 
Dublin, Eire 
New York City 
New York City 


London 


Hultqvist, 1956 Sweden 


TABLE 9 
Experimental Data for Hard Background 
Radiation (mr/yr)? 


Gamma 
rays 
Cosmic and | 
Gamma 
Rays (total) 


Cos- 
mic 
| rays 


Observer Location 


ground | 


From 
air 
From 


Sievert & 44 121-150 | Streets of Stock- 
Hultqvist holm 
104-182 | Over ingeneous 


rocks, Sweden 

94 | Clay soil 

104 | Wood houses 
(average center 
of room) 

145 | Brick & concrete 
houses (types 
1, 2) 


296 | Brick & concrete 
(max., 520)! houses (type 3) 
Cowan 98 | Outdoors, Brook- 
haven, N. Y., 

measured 
Hess and 34 2 | 8&8 90 | Outdoors, Ford- 
Vancour ham Univ. 
campus, N. Y., 
1 above 

| ground 

Bureh 31-34 62 94-96 | Leeds, England 


Internal Radiation 


Since radionuclides are distributed through the 
lithosphere and hydrosphere and are present in 
our atmosphere, man has lived and still lives 
in a radioactive environment. It is, therefore, 
not surprising that man himself is radioactive. 
The radiation exposure received from radio- 
nuclides which reside in or compose human bodies 
is called internal dose. The internal body dose is 
proportional to the body burden of radioelements 
(Table 10 and 

The source of these radionuclides are air, food, 
and water. The concentrations of these radioele- 
ments in air and water have been presented 


TABLE 8 
Measurements of Atmospheric Radon Concentration (outdoors)* 


Av Rn-equiv. content, curies/1 


Remarks 


0.012 X 10°8 


Far from shore 


X 

0.003 to 1.25 107 

1.03 K 

0.538 K 10-8 not incl. Thoron 

2to3 X 10°" ion chamber 

8 X 1078 filter paper; smog 
0.02 K 10° filter paper; clear 
1.6 X 10°78 


TABLE 10 
Radiation Dose Rate from the Natural Radio- 
activity of the Human Body*: *: " 


Radiation 
Body 
Radioelement | Body Content) dis/min Mean Dose 
in Curies body En. mrad 
Type ergy yr. 
in 
Mev 


Ke 1.3 X 105 28,900 0.605 18 
1.46 | 2 
cu 8.7 X 10% 293,000 B 0.053, 1 
Ra 1.2 X 10-10 266 «a 4.86 6.7* 
+ 0.19 
Rn + disintegra- 20m3/dayt ady 20t 2t 


gration 
Products 3 X 
* Applies only to the bones in which there was a uniform 
distribution of the radium. 


+ This calculation was made by using the following assump 
tions: 

1. The 20 cubic meters of air inhaled per day had a concentra- 
tion of 3 X 10- curies per liter of radon in equilibrium with its 
disintegration products. 

2. There was a steady level of radon plus disintegration prod- 
ucts in body tissue via the blood in contact with the radon in 
alveolar air. 

3. Twenty percent of the steady intake into the lungs of the 
radon disintegration products was effective in irradiating general 
body tissue. 


4. The effective energy of Rn plus disintegration products 
was 20 Mev. 


(Tables 5, 6, 7, and 8) and Table 12 lists the 
radium content of certain foods.’ Cow’s milk is 
a source of K“ which is present to the extent of 
6 X curies/em® or 8.76 10° gms/liter of 
milk.” 

In addition to the total dose rate of the soft 
tissues of the body from external and internal 
sources, which have been considered, the lung 
tissue is irradiated by inhaled particulate matter 
composed of decay products of radon and tho- 
rium. The International Commission on Radio- 
logical Protection gives us a distribution of in- 
haled particulate matter as follows: 25% exhaled, 
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TABLE 11 
Natural Radioactivity of the Body’ 


Dose rates, mrad/year from 
Observer and Date —__—— 
K40* 


Brues, 1951 

Sievert, 1951 

Burch & Spiers, 1954 

Libby, 1955 | 6.2 to 62° 
Rose, 1955 10§ 


* Total body dose (tissue). 

t Limited to skeleton. 

t Assumed rbe of 5 to get mrem/yr. 

§ Assumed rbe of 10 to get mrem/yr. 

|| Does not include ~2 mrad/yr from K in neighboring 
peoples bodies. 

© Value depends on assumed distribution of Ra in bones. 


TABLE 12 
Radium Content of Foods 


Source Concentration 1076 g per g 


Milk 


0.04 to 2.7 
Cereals 10 to 39 
Potatoes | 67 to 125 
Meat | 80 


TABLE 13 
Radiation Dosages in Various Ordinary 
Circumstances’ 


Radiation source Location 


|Dosage (mr/yr) 


| Central body, includ- | 40 
ing sex organs, at | 
average distance of 
1 ft. | 

| 


Wrist watch (1 uc of 
Ra per watch) 


Pilot is taken to be at | 
an average distance | 
of 1 yd from the dials! 


Luminous dials in air- | 
plane cabin (100 
dials with 3 u of Ra 
each) 

X-rays Lumbar spine, ante- 

rior-posterior 

| Lumbar spine, lateral | 

| Pregnancy, 

posterior 
Pregnancy, lateral 

| Flat surface ground | 

| Mine with all walls of | 
accepted by the | ore | 
AEC for purchase) | 

Phosphate rock (com- | Flat surface ground 
mercial fertilizer | 

| 
| 


anterior- | 


Uranium ore (0.1 per 
cent—the minimum 5600 
(neglecting 
radon) 
280-700 


0.01 to 0.025 percent | 
U) 


People Packed in crowd 


50% retained in the upper respiratory tract and 
subsequently swallowed, and 25% deposited in 
the lungs. The swallowed portion contributes 
little to the total body dose because the fraction 
of this material absorbed into the bloodstream 
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from the intestinal tract is small and the first de- 
cay products have short half lives. The soluble 
portion of radioactive material deposited in the 
lungs accounted for the body dose given in Table 
10. The insoluble material which remains in the 
lungs and that which is in the upper respiratory 
tract until removed by ciliary action accounts for 
the additional localized dose. 

Using the concentration of radon as 3 x 10° 
c/l and a thoron concentration of 3 X 10“ ¢/), 
the total lung dose would be about 245 mrem/yr 
from radon and its products and an additional 
200 mrem/yr from thoron and its decay products. 

If a ventilation rate of 3.5 changes of air per 
hour is used, the lung dose of 445 mrem/yr can 
be reduced to 190 mrem/yr. At the radon and 
thoron concentrations stated above, the dose 
rate to lung tissue may be 2 to 4 times the dose 
received by other body tissue. 

In order that each of the dosages or dose rates 
can be interpreted in terms of occupational, med- 
ical, and other exposures, a table of radiation 
dosages in various ordinary circumstances is in- 
cluded (Table 13)? 


Conadal Dose Rate 


In calculating the total dose to the gonads, it is 
necessary to consider the shielding effect of the 
body tissue overlying these organs. The local 
gamma radiation dose reduction factors were de- 
termined by Spiers* by using a water-filled tin 
model in which normal background intensities 
could be measured at the location of the gonads 
(ovary and testis) and by correcting for instru- 
ment response to cosmic radiation. These are the 
factors (Table 14)” by which the local gamma 
radiation was reduced or attenuated and apply 
to external gamma radiation other than cosmic. 
Spiers‘ states that these factors are unlikely to be 
in error by as much as +10 percent. 


Discussion 


Small additional dose rates to the gonads are 
possible if other factors, such as the thoron in the 


TABLE 14 
Shielding Factors for Local Gamma 
Rays to Gonads"! 


Screening Factor 
Position of Model 


Male | Both Sexes 
| 


0.67 
0.70 
0.72 


Female 


| 
| 
| 


Horizontal 
Sitting 
Standing 


0.52 
0.58 
0.59 


0.56 7 


12 
1500 each 
5700 each 
3600 each 
2 
| 
Mean (0.63 
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air (3 X 10 c/l) and the radium content of 
the testis (6 x 10-°g Ra/g testis) as suggested by 
Muth’s (1956) data, are considered. These doses 
amount to not more than 3-4 mrem/year.* 

The dose rate to the soft tissues in bone is only 
slightly in excess of that to the gonads. This is 
due to the fact that (1) the radium in the skele- 
ton contributes a higher dose to the soft tissue 
in the bone than to the soft tissue in the rest of 
the body because the particulate radiation from 
radium and its decay products will be absorbed 
in the soft tissue within the bone and only the 
small amount of gamma will irradiate the tissue 
outside of the skeleton, and (2) potassium, which 
makes the greatest internal radiation contribu- 
tion of all the radioelements, is concentrated in 
the muscle and in relatively little amounts in 
bones or fat. The potassium contribution is less 
to the soft tissue of the bones and is about equal 
to the radium dose to bone marrow. This dose rate 
is about 0.12 rad per year or 3.6 rad in 30 years 
or 1/2000 the dose estimated for the radiographi- 
cally detectable, but not necessarily malignant, 
changes in bone which have been associated with 
an accidental radium burden of about 4 micro- 
grams.* 

The background dose of aproximately 3 roent- 
gens or 3 rad in 30 years is closest to the doses 
thought to be genetically significant. Muller sug- 
gests that the dose required to double the human 
spontaneous mutation rate is unlikely to be much 
more than ten times the natural background 
rate.“ The recent British and American reports 
agree with this and state that the increase of 
radiation necessary to bring about a doubling of 
the mutation rate in man ranges from 30 to 80 
roentgens."" 

Because the background dose is small com- 
pared with doses known to cause immediate 
somatie changes, and several orders of magnitude 
lie between the natural background dose and that 
associated with carcinogenesis, long-term genetic 
actions may be likely considerations. 

This survey seeks to facilitate the dissemina- 
tion of information concerning the radiation doses 
to which nature has seen fit to expose the popula- 
tion and which should be judged in proper per- 
spective by the individuals empowered with 
recommending permissible exposures to the gen- 
eral population. Such recommendations are now 
being attempted for the first time, as reported 
in a preliminary statement of the National Com- 
mittee on Radiation Protection and Measure- 
ments in National Bureau of Standards Tech- 
nical News Bulletin, Vol. 41, No. 2, February 
1957, entitled, “Maximum Permissible Radiation 
Exposures to Man”. 

The information presented here and the re- 
search being done on biological response to radia- 


TABLE 15 
Gonad Doses for Various Situations in 
Great Britain & Sweden‘ 


Dose rate mrad 


Location and Buildings year 


Leeds, brick (i) outdoor worker 90 
(2) indoor worker 97 
Aberdeen, granite 
Stockholm (1) wood 89 
(2) brick 
(3) concrete 
At 15,000 ft. on granite (1) 
(2) 


TABLE 16 
Gonadal Dose Rates For a Region of 
“Normal” Ground Radioactivity 


Dose to Gonads in 
Source of Radiation 


mrad/yr rad 


External 
Cosmic Rays at Sea Level 
Land plus Buildings 
Radon in Air, 3 X 10-8 ¢/L 
Internal 
Potassium— K*° 
Carbon—C™ 
Radon + Daughter Products, 3 X 10°" 
el 
102 or 0.102* 
Dose for 30 years Exposure 3.06* 


* Includes allowances for the R.B.E. of alpha radiation, 
where present, and therefore also expresses the gonad dose in 
rem. 

+ See Table 17. 


TABLE 17 
Factors Used in Calculating External Dose*: " 


Surface 
Time Body 
{Spent Per | Dose Local | 
Day Rays 

mrad/yr 


Screening 
Factor For |Gonadal Dose 
Gonadal mrad/yr 
Exposure 
| 
- | 
Outdoors 48 
Indoors 5 78 


tion, such as mutation, will provide information 
essential to the evaluation of the tolerable factor 
of background radiation in man’s environment 
and its relationship to the doubling doses and to 
the radiation which causes more drastic cellular 
changes, such as carcinogenesis. 
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2 pie SECRETARY of Health, Education, and Welfare has announced that a 
national conference to study the growing problem of air pollution in urban areas 


will be held in the fall. 


The conference is tentatively scheduled for the week of November 15, 1958 in 


Washington D. C. 


The purpose of the conference will be to bring together leading authorities to 
consider the many legal, medical, and industrial problems involved and to pool the 
experience already obtained by such cities as Los Angeles, Pittsburgh, St. Louis, and 


others in combating air pollution. 


Legislation enacted in 1955 authorized the Surgeon General of the Public Health 
Service to carry out a five year program of research and technical assistance to the 
States on the growing air pollution problem. The conference will provide an op- 
portunity for an assessment of progress of the five year program. 


N ANNUAL award for the best paper published in the AIHA QUARTERLY and 

its successor, the AIHA JOURNAL, has been announced by the Michigan In- 

dustrial Hygiene Society, Detroit Area Section of AIHA. The award will consist of 
$100.00 in cash with a suitable certificate of merit. 

W. A. Cook is chairman of the award committee which includes L. J. Cralley, W. G. 

Hazard, J. C. Radeliffe and H. N. Schulz. The committee can waive granting of the 

award for any year if, in their opinion, no outstanding paper has been published 


during the period. 


Presentation of the award will be made at the annual AIHA meeting. Details of 


the exact procedure have not been finalized. 
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HERE ARE three main reasons for decon- 
taminating the human skin. They are: 

(a) To prevent beta burns to skin from ioniz- 
ing beta particles emitted by surface-fixed con- 
taminants. 

(b) To prevent internal contamination by ab- 
sorption through the intact skin barrier, or 
through cuts and wounds. 

(c) To prevent an overdose of penetrating 
gamma radiation to the whole body, or parts of 
it. Injury to the blood-forming organs is the eri- 
terion here. 

There have been numerous studies made in 
the past on skin decontamination. However, the 
major portion of these used non-radiological 
agents. Some studies have been conducted with 
radioactive materials but none have been made, 
per se, with dry particulate fallout, as has been 
done in the present study. 

The present study was undertaken in the sum- 
mer of 1956 in conjunction with the radiological 
safety phases of Land Target Studies at Camp 
Stoneman, California; a joint project of the 
U.S. Navy Bureau of Yards & Docks and the 
U.S. Army Chemical Corps. Here, ton quantities 
of dry synthetic radioactive fallout were applied 
to large areas of land and building surfaces and 
decontaminated. The dry fallout material was 
made from the site top soil (Ambrose Clay loam). 
Radiolanthanum 140 was used as the tracer. The 
particle size distribution was from ~ 1.5 p to 
< 

It was decided to use human subjects instead 
of rats for the skin studies since the extrapola- 
tion of data from rat to human skin is considered 
to be highly unreliable. 

This study reports the efficiency of removal 
of nine different agents from the skin of 45 volun- 
teer human subjects. Also tested was the effect 
which pre-application of a protective barrier 
cream might have on the decontamination effi- 
ciency (DE). 

The first figure (#1) lists the various decon- 
tamination methods used. Methods #1 through 
6 are aqueous, i.e., water was used to remove 
the agent after it had acted on the contaminant. 
Methods 7 through %9 are waterless; in these, 


Decontamination of Synthetic Radioactive 
Fallout from the Intact Human Skin 


WILLIAM J. FRIEDMAN 


Health Physics Division, U. S. Naval Radiological Defense Laboratory 
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although water is a part of each agent’s formula, 
the residue is removed from the skin with cotton 
or soft gauze. 

The next figure (#2) shows the skin prepared 
for contamination. Two 10 centimeter square 
areas are marked off on the plane surface of the 
forearm’s underside. One area has had a thin 
layer of barrier cream applied. Only one area is 
contaminated and decontaminated at a time, 
while the other is covered with plastic film to 
prevent cross-contamination. The test areas were 
exposed to activity levels corresponding to re- 
corded count rates of from 1 xX 10° counts per 
minute to greater than 5 < 10‘ counts per min- 
ute. 

Figure (%3) is a diagram of the skin con- 
tamination set up. On the right is a lead cave, 
which shields the dry fallout material contained 
in a spray bottle. An air pressure line connects 
this bottle to the contamination apparatus. Neg- 
ative air pressure is maintained, through a CWS 
absolute filter, by a hose connected at the rear 
to a small vacuum pump. The skin area is held 
horizontal to the delivery cone, and the fallout 
delivered here for a timed exposure period. 

Figure (4) shows the subject’s arm inserted 
in the skin contamination apparatus, ready for 
contamination. 

Figure (#5) shows fixation of dry fallout to 
contaminated skin. The area is worked with a 
rounded glass rod, using moderate pressure, to 
work the activity into the skin. 

Figure (#6): the contaminated skin area is 
now placed under a lead-shielded GM detector 
tube and counted. Radioactivity is measured in 
counts per minute. 

After the initial count the skin area is then de- 
contaminated by one of the nine methods selected 
for this study. Figure (7) shows application 
of measured amounts of one of the aqueous 
agents. 

In choosing agents for the removal of radio- 
active material from the skin certain criteria 
must be met to satisfy the condition of a “good” 
decontamination agent. While the same general 
principles apply to the decontamination of both 
biological and non-biologieal surfaces, and while 


16 February, 1958 
(a) AQUEOUS METHODS 
Method _# Method 
RUNNING FRESH TAP WATER, WITH SCRUB. 
SOAP (STEARATE SALT) AND WATER, SCRUB AND FLUSH. 


1 
2 
3 SOAP, ABRASIVE,TAP WATER, SCRUB AND FLUSH. 
4 


COMMERCIAL POWDERED DETERGENT (10% SOLUTION), 
TAP WATER, SCRUB AND FLUSH. 


COMPLEXING AGENT (1% CITRIC ACID SOLUTION), 
SCRUB AND FLUSH. 


CHELATING AGENT (1% VERSENE SOLUTION), SCRUB 
AND FLUSH. 


(b) WATERLESS METHODS 


7 CORN MEAL AND COMMERCIAL POWDERED DETERGENT, 
50% OF EACH, MADE INTO A WATER PASTE AND USED 
WITHOUT ADDITIONAL WATER: SCRUB; REMOVED WITH 
COTTON OR SOFT TISSUES. 


WATERLESS MECHANICS HAND CREAM, USED WITHOUT 
ADDITIONAL WATERs SCRUB; REMOVED WITH COTTON Ficure N 
OR SOFT TISSUES, IGURE No. 4 


A HOMOGENIZED CREAM, MADE UP OF @% CARBOXY- 
METHYLCELLULOSE, 3% COMMERCIAL POWDERED 
DETERGENT, 1% VERSENE, AND 6@% DISTILLED WATER, 
USED WITHOUT ADDITIONAL WATER; SCRUB; REMOVED 
WITH COTTON OR SOFT TISSUES, 


Fiaure No. 1 


Ficure No. 5 


CONTAMINATION APPARATUS 


Arm insertion port 
O-ring nolder 

Gloss delivery cone. 

Dust delivery line 

Hose to vacuum 

Covered access ports 
High efficiency dust fiiter 
Mounting for dust fiiter 


ange 


Air pressure line 
Sprey vottie 
& Synthetic fallout material 


L 2 lead shielding cove 


Fiaure No. Ficure No. 6 


I 
8 4 | 
Figure No. 2 
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Ficure No. 7 


CRITESTA FOR A GOOD SKIN DECONTAMINATION AGENT 


(a) Must be efficient, in minimm # of steps. 
(b) Must not damage skin. 


(c) Must not cause transfer past skin barrier of radioisotope ions 
or toxic materials. 


(4) Rate of physical and/or chemical action must be rapid. 
(e) Must be readily available and low in cost. 
(f) Must be simple in technique of use. 


(g) Must be able to withstand long storage period and remain 
stable chemically. 


Ficure No. 8 


Average DE for One Decon Step 


Method Barrier No Barrier Barrier 
No. Cream Cream Cream 
1 950k + 82,5 9749 
2 9667 9508 9965 
98.4, 98.9 99.46 
» 
9965 9943 100.0 
5 9861 9762 9663 
i 2 
= 6 99.0 99.0 
7 9702 9306 9867 
is 98.2 9748 9946 
a 
9902 9667 99.8 


* One subject only remained to do a third step one 
+ Averaged for all 5 subjects of this method, 


AVERAGE REMOVAL OF ORIGINALLY-DEPOSITED RADIOACTIVITY 


Average DE for Two Decon Steps 


Figure No. 9 
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much the same types of physical and chemical 
mechanisms can be effective in removal, certain 
agents and techniques which are perfectly ac- 
ceptable for non-biological surfaces must often be 
eliminated for use on living skin. Figure (8) 
lists those criteria which we feel are those of a 
good decontamination agent. 

Data obtained for all but one of the agents in 
the series tested show the magnitude of decon- 
tamination efficiency to be, in almost every case, 
90% or greater. This phenomenon may be at- 
tributed to two reasons: (1) only agents known 
to effect efficient removal were selected, and (2) 
the fact that the removal of this dry type fall- 
out from the skin appears to be primarily by a 
mechancial mechanism, as demonstrated by the 
results obtained with water and scrubbing alone. 
A word of caution should be interjected here, 
however, since it should be realized that a high 
decontamination efficiency may still leave a skin 
residual activity which may, if fixed over a long 
enough time period, cause serious skin damage 
and body gamma irradiation. 

One of the important criteria was the number 
of steps required for the removal of originally 
deposited radioactivity. Figure (9) shows why 
this is important. As can be seen, the greater 
percentage of original activity is removed by 
the first step in all cases, the second and fur- 
ther steps accomplishing relatively little im- 
provement. Again, while the percentage removal 
may be high, the total amount of radioactivity 
in a realistic situation may still be well over max- 
imum permissible concentration, and we have 
found it necessary to resort to another type of 


Ayerage DE After 3rd Decon Step 


No Barrier Barrier No Barrier 
Cream Cream Cream 
91.0 9807 9308 
98.6 998 993 
9909 + - 

100. - - 
98.5 98.9 98.9 
9909 + 9909 + - 
9906 98.8" 99.6" 
9967 990k" 100.0" 
9607 99.9 +* 9606" 


|_| 
‘ 
j 


NUMBER OF DECONTAMINATION REQUIRED TO REDUCE T0<50 C/M 
INITIAL ACTIVITIES 10% c/m <5 x10" c/m 

Without Barrier Crem 

Skin Decon. 


lst Step 
2nd Step 
3rd Step 

> 3 Step 
33 Subjects 
Tested 
With Barrier Cream 
lst Step 
2nd Step 
3rd Step 
>3 Step 

3] Subjects 
Tested 


CREAM 


RESIDUAL WO. 


Econ. STEPS 


BARRIER CREAM 


RESIDUAL HO. 


con 
stems 123 


| avEeRace 


Figure 3. Plot of Residuol Numbers vs. Number of Decontamination Steps 
for Method no.2. Soap (Stecrcte) ond Water, Scrub and Flush. 
initio! Activities 7.4 X10’ cém to 4.9 X 10° c/m. 


Ficure No. 11 


removal agent in some cases during field opera- 
tions, where further steps with the first-tried 
agent were fruitless. Figure (#10) shows the 
distribution of subjects according to the num- 
ber of those requiring one or more steps to re- 
duce initial activities = 10‘ c/m and < 5 xX 10* 
c/m down to < 50 c/m. The effectiveness of 
Methods *4 and X§8 are to be noted by this 
criterion. 

Figure (#11), a semi-log plot of residual num- 
ber (or fraction of original activity remaining) 
versus number of steps for Method 2, stearate 
soap and water, indicates magnitude of activity 
remaining on the skin after a given number of 
steps. Here is graphically demonstrated that: 
(a) the far greater portion of originally deposited 
activity is removed by the first step, and (b) that 
further steps accomplish relatively insignificant 


February, 1958 


0.001 
STEPS 


BARRIER CREAM 


RESIDUAL NO, 


0.001 
otcom. steps 123 
SUBJECT | AVERAGE 


Figure 4. Plot of Residual Number vs. Number of Decontamination Steps for 
Method no.8. Waterless Mechanics Hand Cream, Removed with Soft 
Tissues. Initial Activities >10° c/m. 


Ficure No. 12 


further reduction. Figure (#12) presents essen- 
tially the same type of picture for a waterless 
mechanics hand cream. 

When compared on a percentage removal basis 
it is noted that all methods tested, except for one 
where water was the sole agent, produced decon- 
tamination efficiencies of the same high magni- 
tude—90% or greater. When compared on a basis 
of the least number of steps necessary to do the 
work required, cost, ease of use, and availability, 
the “best” aqueous method selected was %4, a 
10% solution of a powdered commercial detergent 
(alkyl-aryl sulfonate, plus phosphate builders). 

Of the three waterless methods tested, all re- 
moved activity with approximately equal eff- 
ciency. An average decontamination efficiency 
of greater than 96% was accomplished in all cases 
with one step. Barrier cream seemed to make no 
significant difference in the decontamination eff- 
ciency for these methods, as was also noted for 
all aqueous methods tested, except #1. There- 
fore a choice of “best” waterless method is based 
on the same criteria as for aqueous methods. The 
method that most nearly approaches these cri- 
teria is %8, waterless mechanics hand cream. 

The diffusion of contamination into and from 
skin pores is suggested by the data obtained, and 
by that of others who have studied the problem. 
Other variables that must be considered are: skin 
moisture, the fluctuating nature of the human 
skin under conditions of health, temperature, 
physiological and emotional stress, degree of pro- 
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tection by clothing, and chemical and physical 
stimuli. 

To summarize: all methods tested removed 
over 90% of activity, with the exception of water 
alone. Basing decontamination efficiency upon 
the number of steps required, of six aqueous 
methods tested the most effective was a com- 
mercial detergent and water scrub. Of three wa- 
terless methods, waterless mechanics hand cream 
was selected as most effective. The least effective 
of all methods tested was running fresh water, 
with or without scrub. All other methods, where 
detergents, complexing agents, and other chemi- 
cal and/or physical agents were added to the 
water, produced significantly more efficient re- 
sults. Stearate soap and water scrub was noted 
to be a highly efficient method, as was abrasive 
soap and water scrub. The greatest percentage 
of dry synthetic fallout contamination on hu- 
man skin is removed by mechanical means. The 
first step in a procedure is the most effective, in 
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California. 


HE UNIVERSITY of California, Berkely has expanded its program and added 
several courses to the curricula in Industrial Health and in Sanitary Engineering. 
These courses provide increased opportunity for training in air pollution research 
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that a greater percentage of originally deposited 
dry contaminant is removed. Lastly, results in- 
dicate that the use of a pre-applied barrier cream 
will not significantly increase the decontamina- 
tion efficiency of dry radioactive fallout by the 
agents studied. 

An official Navy report, presenting full details 
of this study, will be published. 
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Added courses include “Urban Meteorology” which will stress the effects of climate, 
weather and the city itself on atmospheric pollution dispersion or accumulation; and 
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suppressing the urban problem by engineering, chemical or other means. These sup- 
plement a laboratory and lecture course “Atmospheric Pollution” which emphasizes 
effects, sources, important properties of major polluting materials and their source 
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Evaluation of the Air Pollution Problem 
Resulting from Discharge of a 
Radioactive Effluent’ 


HARRY S. JORDAN and RALPH E. BLACK 


Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mezico 


HE PURPOSE of this study was to deter- 

mine the extent of the health problem asso- 
ciated with a plutonuim effluent, and to estab- 
lish air and soil sampling data for a measured 
plutonium output. It is not likely, however, that 
the data will be completely applicable anywhere 
except at Los Alamos since certain terrain con- 
ditions, meteorological factors, and the nature 
of the aerosol probably would not be duplicated 
elsewhere. 

Peculiarities of the terrain are shown in Fig. 1, 
which is a contour map of the area surrounding 
the mesa on which the plutonium facility is lo- 
cated. To aid in visualizing the contours, two 
profiles of the mesa are shown in Fig. 2. The pro- 
files are sections of the length of the mesa, run- 
ning roughly in an east-west direction and of the 
width, roughly north and south. The profiles in- 
tersect at the base of the plutonium facility 
stacks. 

The weather for Los Alamos, located in the 
northeast corner of New Mexico at an elevation 
of about 7100 ft, is described by the following 
figures: 


TABLE 


Temperature 

Normal average annual 

Average daily range 
Precipitation 

Normal annual 
Humidity 

Average annual 
Sunshine 

Average annual % of possible 
Wind 

Average annual velocity 

Peak gust velocity 


6 mph 
60 mph 


As would be expected from the terrain and the 
weather, both vertical and horizontal mixing of 
the air occurs. The relatively infrequent inver- 

Presented by Harry S. Jordan at the AIHA meeting in 


St. Louis, Mo., Thursday, April 25, 1957. 


* Work done under the auspices of the Atomic Energy 
Commission. 


sions generally occur for only a few hours in the 
mornings. 

The plutonium effluent results from various 
operations involving the recovery of waste plu- 
tonium, the formation of the metal from its salts, 
and fabrication of the metal. The aerosol, there- 
fore, is composed of plutonium salts and oxides. 
The particle size distribution varies with time 
but may be reasonably indicated by a mass mean 
size range of 0.3 to 1 micron with a standard de- 
viation range of 1.5 to 3. 


Soil Sampling 


Over a period of 9 years a total of 13.1 grams 
or 1.82 X 10” disintegration per minute (1.38 x 
10° d/m = 1 gr. plutonium) of plutonium has 
been discharged to the atmosphere. The emission 
rate has varied from year to year, depending on 
the nature of the work and the available air 
cleaning facilities. The record of monthly emis- 
sion rates indicates the minimum rate to be 2 x 
10* d/m/minute and the maximum 3.6 x 10° 
d/m/minute. A rough estimate of the directional 
dispersion of this material can be made from Fig. 
3 which is a wind rose derived from observations 
obtained at the plutonium facility over a period 
of 4 years. 

Soil samples were collected from locations with 
the least possibility of having been disturbed or 
contaminated from sources other than the stack 
effluent. Each sample represents a square foot 
of soil to a depth of 2 in. Soil samples obtained 
at Los Alamos and in the vicinity of the Nevada 
Test Site indicate that most of the plutonium 
will be located in the top 11% in. of soil and only 
rarely will activity be found below a depth of 3 
in. The plutonium was extracted by chemical 
means and the quantity determined by nuclear 
tracks on photographic plates. The activity was 
confirmed as plutonium by pulse height analysis. 
In a few instances the pulse height analysis in- 
dicated the presence of thorium but never in 
excess of 10 per cent of the total activity. 

The results of the soil sampling are shown in 
Fig. 4. It is evident that the attempts to avoid 
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extraneous contamination and disturbed soil was 
not altogether successful. However, the samples 
obtained at points so remote that there is little 
probability of sample alteration show rather 
remarkable agreement. Such points have the 
sampling results enclosed within a circle on Fig. 
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4. The high values of 7300 d/m/sq ft and 870 
d/m/sq ft are probably the result of contamina- 
tion from sources other than the stack effluent. 
It would appear that very rough isodose lines 
could be established as follows: 


Radius d/m/sq ft 
250 ft. 3.2 X 102 
500 ft. 2.5 X 10? 
1000 ft. 14 X 10? 
44 to 1 mile 0.6 X 10? 


Based on these figures a crude estimate of the 
material deposited within a 1 mile radius is 0.5 
percent of the total amount of material emitted 
over the 9-year period. This low value could be 
accounted for by the low values obtained on soil 
that must have been disturbed, and the fact that 
the small particle size of the aerosol will ensure 
that it is deposited over an extremely large area. 


Fall-Out Tray Sampling 


The technique of collecting fall-out in trays of 
clean sifted sand, as developed by Kermit Lar- 
son of UCLA, was used in this study. Ordinary 
sand was carefully sifted and the fraction passing 
a No. 5 sieve and retained by a No. 12 sieve was 
thoroughly washed. This sand was placed in ordi- 
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70 
370 The trays were placed at various distances from 
the stack and exposed for a period of 31 days. 
ent. At the end of this period, the trays were recov- 
_ ered and the sand carefully and thoroughly 
washed in water. The wash water was reduced in 
volume and analyzed for plutonium. 
The wind rose for the period the trays were 
exposed is shown in Fig. 5. The numbers next 
to the wind vector indicate the average emission 
rate for the period of time the wind was from the ™ 
the indicated direction at the indicated wind veloc- 
0.5 ity. 
ire Figure 6 shows the location of the trays and the 
e 


amount of plutonium recovered per square foot 
soil of tray surface. 


hat A comparison of the fall-out tray results with 
jure the soil samples from locations that were not 
rea disturbed indicates a fair correlation. Since the 
plutonium in the soil is the result of approxi- 
mately 108 months of deposition as compared to 
s of l-month of deposition for the plutonium col- 
4ar- lected in trays, a factor of roughly 100 would be 
WIND VELOCITY MILES PER HOUR 
ary expected. The actual factor ranges from 28 to LENGTH OF BAR INDICATES PERCENT 
sing 140. However, considering the variability of emis- 
was si ate : > gical conditions over ¢ 
| S-year period as compared to variability of the FOR MLLOUT 
NUMBERS INDICATE AVERAGE EMISSION RATE IN 10 
m. same conditions over a 1l-month period, it is DISINTEGRATION PER MINUTE OF PLUTONIUM PER MINUTE 


surprisingly good correlation, and indicates that Figure 5 
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the soil samples are accurate within an order of 
magnitude. 


Air Sampling 


A total of twelve fixed air samplers were oper- 
ated for 37 days. The samplers were modified 
Electrolux vacuum cleaners, sampling at a rate 
of 20 cubic feet per minute (cfm). High effi- 
ciency glass fiber filter paper was used to collect 
the particulate matter. The activity of plutonium 
was counted on an alpha scintillation counter. 
Counting was accomplished a minimum of 10 
days after collection to allow for the decay of 
natural activity. 

A wind rose based on observations obtained 
only during the period of air sampling is shown 
in Fig. 7. The numbers along each vector again 
indicate the average emission rate for the period 
of time the wind was from the indicated direction 
at the indicated velocity. 

Figure 8 shows the location of the samplers and 
the average and maximum daily concentration 
of plutonium at those points. It should be noted 
that the air samplers were operated only during 
working hours which is the period of maximum 
emission. In the case of the off-site samplers, the 
daily average concentration was well within the 
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maximum permissible level for continuous expo- 
sure. In addition, this average would have been 
an even lower figure if the results of air samples 
collected during nonworking hours had been in- 
cluded in the computations. 

The data obtained on sampling directly down- 
wind from the stack are shown in Fig. 9. During 
the period of time in which this study was con- 
ducted, the winds were extremely erratic in both 
direction and velocity, and it was practically im- 
possible to locate a sampler downwind with any 
degree of certainty. The result was that the ac- 
tual concentrations obtained downwind were 
lower than the ealculated theoretical concentra- 
tions by a factor ranging from 5 to 500. The 
limited data made it impossible to estimate cor- 
rective factors that would fit all cases. In addi- 
tion, if corrective factors were to be derived, 
greater accuracy would be required in establish- 
ing the emission rates and the meteorological fac- 
tors. 


Discussion 


The limiting health hazard associated with a 
plutonium effluent would be due to the concen- 
tration of the plutonium in the air. The plu- 
tonium in the air could result either directly 
from the diffusion of the stack effluent or from 
resuspension of plutonium deposited on the soil 
over a period of time. The generally accepted 
maximum allowable concentration for off-site 
population is that the average airborne concen- 
tration over a period of a year shall not exceed 
1/10 of NBS Handbook 52 value, or 0.44 d/m 
per cubic meter of air in the case of plutonium. 


A detailed analysis of the health hazard asso- 
ciated with plutonium on the soil, conducted 
by the Bio-Medical Group of LASL indicates a 
permissible level of 100 yg of plutonium per 
square meter of soil or approxmiately 14 x 10° 
d/m/sq ft. It should be pointed out that this is 
not an official value, but a Los Alamos figure for 
an out-of-door situation, where one could not 
consider the usual laboratory standards applica- 
ble. 


Conclusions 


Soil sample analysis indicate that the emission 
of approximately 13 grams of plutonium over a 
period of 9 years does not result in contamination 
of the soil to the extent to cause a health hazard 
since the resulting soil concentrations are lower 
than the level of concern by approximately a 
factor of 10‘. The validity of the soil sample 
analyses was confirmed by the results of sand 
tray analysis, in that one month’s deposition of 
the effluent on the sand tray correlates reason- 
ably well with the 9-year period deposition. It 
is also evident that an emission rate of approxi- 
mately 10° d/m of plutonium per minute, under 
conditions prevailing at Los Alamos, could not 
create average air concentrations in excess of 
permissible values. 
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Labeling of Manufactured Products 
Containing Radioactive Materials 


W. A. McADAMS 


Consultant—Radiation Protection, General Electric Company, Schenectady, N. Y. 


EDITORIAL COMMENT 


Radioactive materials are now being 
used in a variety of commercial products 
which are readily available to both indus- 
try and the general public. Some of these 
products contain quantities of radioactive 
materials which can be hazardous to unsus- 
pecting customers or to those persons who 
handle the products in large numbers. It 
is necessary that each item containing a 
hazardous amount ;of radioactive material 
be conspicuously marked with the conven- 
tional radiation symbol. It is equally im- 
portant that such marking not be used on 
items which do not present a radiation haz- 
ard. Various radiation protection codes and 
standards now in effect or under develop- 
ment contain special provisions for labeling 
such products but these regulations are 
widely different. Some of the factors in- 
volved in establishing sound labeling stand- 
ards are discussed and a method for de- 
riving suitable limits is proposed. 


HE LARGE scale production, separation, 

and use of reactor byproduct materials has 
become one of the largest and most important 
activities in the atomic energy industry. The use 
of these materials has already led to major ad- 
vances in biology, medicine, physics, chemistry, 
engineering, agriculture, and almost every other 
field, and further achievements are certain to be 
made during the immediate years ahead. More 
than 900 radioactive isotopes are now available 
from the Atomic Energy Commission and new 
applications for these are being discovered al- 


“The Editor recognizes that the labeling of manufactured products containing 
radioactive materials is a controversial subject. It is felt that some of the issues 
will be clarified and certain problems resolved only after various opinions have 
been stated and critically examined. With this objective in mind, the Editor in- 
vites comment on the following paper.” 


most daily. Industry has been quick to recog- 
nize the advantages of using radioactive ma- 
terials, both in production operations and in 
manufactured products. As a result there are now 
many new items available commercially which 
contain radioactive material in one form or an- 
other. 

Usually the amounts of radioactive materials 
contained in manufactured products are not suffi- 
cient to be of any concern, but in a few cases the 
quantities involved are hazardous, or can be haz- 
ardous under certain conditions. To insure ade- 
quate protection of the customers and the gen- 
eral public, it is essential that the manufacturer 
be required to conspicuously mark such products 
with the conventional radiation symbol. It is 
eminently important, however, that such label- 
ing be used only when there is a real hazard po- 
tential. It is clear that dishes and glassware con- 
taining uranium, most luminous dial timepieces, 
and many other products containing radioactive 
material can be used, handled, and even broken 
without significant exposure to any individual. 

Several radiation protection codes now in ef- 
fect or in the proposal stages have requirements 
for labeling these products. For example, the 
AEC has published rules for labeling which are 
applicable to all AEC licensees’ and which there- 
fore establish labeling requirements for many 
manufactured products containing radioactive 
materials. However, these labeling rules are not 
entirely compatible with the recommendations 
of the National Committee on Radiation Pro- 
tection,’ or with certain purchasing specifications 
of other Federal agencies. It is evident that a uni- 
form procedure for labeling products containing 
radioactive materials must be developed soon, if 
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utter confusion in this field is to be avoided. For 
simplicity it would be desirable to set limits 
above which labeling is required, at values which 
are fractions or multiples of other existing limits. 
For example, it might be feasible to tie labeling 
limits to the maximum permissible body burdens 
recommended by the NCRP* or ICRP,‘ the quan- 
tities of radioactive materials permitted under 
general licenses from the AEC and listed in Part 
30 CFR Title 10° or the amounts which the 
NCRP, in NBS Handbook 61,? would exclude 
from registration requirements. Typical manu- 
factured products which incorporate radioactive 
materials in one form or another are the follow- 
ing: 

1. Luminous timepieces, instruments, and nov- 
elties 

2. Thickness, density and level gages 
3. Static eliminators 
4, Electron tubes, glow switches, glow lamps, 


5. Standard light sources 

6. Radioactive batteries 

In trying to assess the hazards of such com- 
mercial products there are many factors which 
have to be taken into account. These include the 
physical, chemical, and radioactive properties of 
the materials used, the ultimate use and dis- 
posal of the product, the number of items which 
are likely to be collected in one place, and the 
circumstances of the exposure itself. While it is 
difficult to make a thorough analysis of all of 
these factors and the various degrees to which 
each may contribute to the problem, it is possi- 
ble to study the limiting cases and to arrive at 
some fairly sound conclusions. 

In general, assuming the limits for labeling are 
set low enough to preclude significant external 
exposure, the hazard to people will be the result 
of the intake of radioactive material into the 
body either continuously, or in a single incident, 
or in a combination of these. In this study, val- 
ues of maximum permissible intakes for twelve 
isotopes are derived for the daily exposure case, 
for the single intake case, and for the case when 
the time, rate, and frequency of intake are not 
known. The twelve isotopes selected are those 
most frequently used in commercial products. 
An extensive study of more than seventy other 
isotopes indicated that, except for a few alpha 
emitters which are not expected to be used to any 
extent commercially, none is more hazardous 
than the worst included in this list of twelve. 


Continuous Exposure Case 


Persons handling numbers of items containing 
radioactive material, such as workers salvaging 


TABLE [| 
Maximum Permissible Daily Intake of Radio- 
isotopes in Microcuries 
MPDI)q | (MPDI)q | (MPDI)w | (MPDI)w 
A Soluble Insoluble Soluble Insoluble 
H3 3X 10? 10 660 660 
cu 3X 102 1.2 10 198 
Cas 0.24 0.7 0.33 66 
Cote 2.4 0.04 66 1.3 
Sr20-¥ 20 0.006 0.06 0.0026 3.3 
Cs!37-Ba37 6 0.1 6.6 6.6 
Tm 0.3 0.2 2 X 102 1.7 
Tl20 2.4 0.24 26 3.3 
Po210 0.015 0.003 0.1 0.01 
26 2.4 X 10-4 | 2.4 10-4 10°3 8 xX 10°3 
9X10-% «1.7 X 10-3 | 3.3 
9x 10-4 10-4 0.33 6.6 X 10-3 


electron tubes or repairing luminous dial time- 
pieces, would be expected to break an item from 
time to time, causing the release of all or a por- 
tion of the radioactive contents into the air or 
onto surfaces. Such persons might inhale or in- 
gest some of such released material daily. As- 
suming the MPC’s for air and water for a 40 
hour work week are three times the values rec- 
ommended by the International Commission on 
Radiological Protection,‘ and that the air and 
water intake per 8 hours are 10° ce and 1100 ce 
respectively, the maximum permissible daily in- 
take will be 


(MPDI)a = 3 X (MPC), X 10° (1) 


(MPDI)w = 3 X (MPC)w X 1.1 10% (IT) 


Values of (MPDI), and (MPDI),, for twelve 
isotopes are given in Table I. 


Single Exposure Case 


In the use and handling of products containing 
radioactive materials it is likely that some indi- 
viduals will take a quantity of radioactive mate- 
rial into the body in a relatively short period. 
This would be the most probable kind of intake 
for persons who were present during the sudden 
breakage of products such as glow switches, den- 
sity and thickness gages and standard light 
sources. Morgan and his associates investigated 
such cases": * and derived equations which per- 
mit the computation of the maximum permissi- 
ble intake under a variety of conditions.’ These 
studies pointed out that the critical organ for a 
single exposure often is not the same as for a con- 
tinuous exposure. The studies also showed that 
ingestion is far less important than inhalation or 
injection for both soluble and insoluble com- 
pounds, and can be ignored in the establishment 
of limits of this tvpe. Injection of insoluble com- 
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pounds into wounds, however, can cause very 
high doses to localized tissue. The equations de- 
veloped by Morgan and his associates are 
I 

Inhalation of soluble radioactive material—or- 
gan other than lungs is critical 
(MPI) 


3.12 10-*Dm 


+ — @0-231 


(IIT) 


Case II 
Injection of soluble radioactive material by 
way of a puncture wound 
1.35 X 10?Dm 


MPI > (bE)(RBE)N(1 — 


(IV) 


Case III 
_ Injection of insoluble radioactive material by 
way of a puncture wound 

1.35 X 10-°D 


(MPI) = (V) 
Case IV 
Inhalation of insoluble radioactive material 
with lungs as critical organ 
25D 
‘ig (bE)(RBE)N(T, 


-(1 — — ().23 1 


(WPI)= 
MPI (VI) 


where (MPI) is the maximum permissible in- 
take which will result in a dose of (D) rem to 


TaBLe II 


Maximum Permissible Single Intake in Micro- 
curies to give 10 rem in lifetime 
Case I Case II Case III | Case IV 
Inhala Injection— |Injection— Inhala- 
Soluble Insoluble | 
Souble soluble 
1.1105 8X 104 1.0 10-4} 1.5 & 108 
2X 108 | 1.5 10% 2.1 10-5/ 1.7 X 102 
Ca‘s 33 23 2.3 X 10-5} 1.9 102 
Cot 5.5 108 | 1.9 X 103 11.1% 10-5) 6.5 
0.33 0.18 |1.1X 10-6) 9.3 
Cs'#7-Ba's? 1.1 X 103 | 8.7 X 10? 6.3 16 
Tm 55 14 6.7 X | 55 
3.8 X 10? 1.6 X 104 4.9 40 
2.2 0.46 3.9% 0.31 
0.021. | 7.3 X 1036.7 X 10°%| 0.035 
Th 4t 1.7 X 10-4 4.5 10°53.0 0.025 
UNat 0.18 0.043 1.2 0.093 
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the critical organ. Other nomenclature is the 
same as given in reference 4. 

Assuming a total dose of 10 rem in a life-time 
to be acceptable for a single exposure, these equa- 
tions give the results tabulated in Table II. 

The values for Case III in Table II have been 
listed primarily as a matter of interest. It should 
be pointed out that these values are so low be- 
cause it is assumed that all of the energy of the 
radiation is dissipated in one mg of tissue at the 
point of intake. It is well known that the permis- 
sible dose to small volumes of tissue is probably 
several orders of magnitude higher than the per- 
missible dose to a whole organ or whole body. 
Also it is likely that an insoluble particle of 
radioactive material lodging in the skin would be 
noticed and removed by the individual in much 
the same way as he would notice and remove a 
splinter. For this reason, this case on injection 
of insoluble material will not be considered when 
deriving limits in later sections of this report. 


Cases Where the Time, Rate, and Frequency 
of Intake are Unknown 


Most of the time after a product is sold by a 
manufacturer, he has no further knowledge of 
its use, treatment, or final disposal. Therefore in 
the majority of cases, it is,not possible to predict 
what will happen to an article containing radio- 
active material or to determine if or how the 
customer or any other person will be exposed to 
the material. For example, a housewife could 
handle a luminous dial clock with a broken face 
numerous times, and inhale or ingest small 
amounts of the radioactive material intermit- 
tently, or even daily. Neither the continuous ex- 
posure case nor the group of single exposure 
cases described so far is adequate to evaluate the 
intake when the time, rate and frequency of ex- 
posure is unknown. However, it is likely that 
these two cases will be the limiting ones for most 
conditions of exposure. 

A simple approach to this problem is to deter- 
mine the maximum amount of material that can 
be taken in, at any time or rate, which will never 
result in a deposition in the critical organ of 
more than the maximum permissible burden for 
the critical organ. (For this study the critical 
organ is assumed to be the same as for the con- 
tinuous exposure case. When the time, rate and 
frequency of intake are not known some other 
organ may actually be critical, but there is no 
satisfactory method for evaluating this.) 

If J is the intake in ue and f, is the fraction 
inhaled that reaches the critical organ, then 


If, = amount inhaled that reaches critical organ 


an 


= 
a 
i! 
i 
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the If q is the maximum permissible body burden 
and f. is the fraction in the critical organ of that 
time § in the total body, then 
qua- 
qf. = maximum permissable burden 
been in the critical organ 
oul 
. a Since the time and rate of intake are unknown, 
; it is safest to assume that no decay or elimination 
the 
will occur. On this basis 
the 
mis- If, must not exceed qf2, or 
ably 
per- (MPI)q (Maximum Permissible Intake) 
ody. qf: (VID 
e of = . 
be 
nuch Similarly, if f,, is the fraction ingested that 
ve a | reaches the critical organ, then 
ction 
when (MPD. = (VIII) 
rt. fo 
*ncy MPI values from equations (VII) and (VIII) 
for both soluble and insoluble compounds are 
given in Table III. 
by a 
ze of Selection of a Labeling Limit 
re in 
od; It is realized that there are some other phases 
edict 
adion ts the intake problem which should probably be 
. ie investigated. Nevertheless, the cases summarized 
od here seem to cover most of the plausible situa- 
ill tions, and when taken together should give a 
fast fairly dependable basis for establishing labeling 
| imits. 
small limits. 
oni Having determined the maximum permissible 
pe intake under a variety of conditions, the next 
eel step in establishing such limits is to evaluate the 
othe probability of intake. This probability depends 
ex- 
that III 
most Maximum Permissible Intake in Microcuries 
when Time, Rate and Frequency of Intake 
leter- are Unknown 
can (MPI) (MPD) w 
never 
in of Soluble Insoluble |Soluble| Insoluble 
n for 
“itical 10! | 1.2% 108 108 108 
con- cu 430 132 310 5 X 108 
Cats 34 82 56 | 3X 108 
e an Cot 291 0.32 | 510 0.06 
other Sr%0-Y v0 3.2 7.3 2.8 | 108 
is no Cs!37-Bals7 122 12.3 92 98 
Tm 20 21.8 104 0.03 
393 28 125 25 
0.6 0.065 4 4X 10°3 
en Ra26 3.8 0.029 6.7 5 
ThNat 0.041 0.017 20.5 0.02 
organ UNat 0.033 0.084 13 8 10-4 
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on the fraction, f,, of the radioactive material 
in an item that can be released from the item and 
the fraction, f; , released that can be inhaled. If 
A is the amount permissible in one item and NV 
is the number of items involved, then the product 


AX WN Xf, X f; must not exceed the MPI 


or 


(IX) 


It is possible to make some conservative esti- 
mates of the fractions f, and f;. It is obvious 
that if the radioactive material used is in a gase- 


TaBLe IV 
Adjusted MPI’s all Cases Considered in 
Microcuries 


| | Unknown 
Isotope | Daily Intake | Single Intake Time and 
| Rate 
Hs 108 1.5 X 105 1.2 X 105 
cu | 120 1.7 X 104 1.3 X 10 
Ca‘s 24 3.3 X 108 3.4 X 108 
Cos 4 6.5 X 102 32 
Sr9-Y90 0.6 33 3.2 102 
Cs!37-Bal37 10 1.6 X 108 1.2 108 
Tm! 20 5.5 X 108 300 
24 4X 108 2.8 106 
Powe 0.3 31 6.5 
Ra226 2.4 X 10 2.1 2.9 
ThNat } 9X10 1.7 X 10°? 1.7 
UNat 9X 10 9.3 3.3 


TABLE V 
Suggested Limits and their Significance 


Hazardous Number of 
Items 


NBS Suggested 

Isotope Hb Labeling Un 

Intake Intake 

and 

Rate 

Hs 4 100 10 1500 1200 
cu i 100 1.2 170 130 
Cas 3 10 3.4 330 340 
Cot? 2 1 4 650 32 
90 2 1 0.6 33 320 
2 10 1600 1200 
Tm 3 10 2 550 30 
TRe 3 10 2.4 400 280 
Pore 0.1 310 65 
0.1 0.24 21 29 
*ThNat 1 0.01 9 1.7, 170 
*pNat 4 0.01 9 930 330 


* It will be noticed that although uranium and thorium are 
listed as group 4, the suggested labeling limit is set at 0.01 ue 
This low value is recommended because the gram to curie ratio 
is very large, being 1.47 X 10° for uranium and 9 X 10° for tho- 
rium. 
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ous form, it will all be released and f, will be 1. 
On the other hand, if the material is held chemi- 
cally or physically to the item, only a very small 
fraction would be released. After the material 
has been released it is obvious that some dilu- 
tion will take place. In a small room (10’ x 10’ x 
8’), having only 5 air changes per 8 hours, one 
worker would be able to inhale only !4o of the 
material released. If the material was particulate, 
he would be able to inhale an even smaller frac- 
tion. Table IV lists values for AN (adjusted 
MPI’s) which were computed from the worst 
values for each isotope, given in Tables I, II, and 
III. In applying equation IX the product of f, 
and f; was taken as 0.1 for soluble Tritium cases, 
as 0.01 for other inhalation cases, as 0.001 for 
other injection cases, and as 0.0001 for ingestion 
cases. 

From the numbers in Table IV it is a simple 
matter to establish the limits above which label- 
ing should be required. To do this one must de- 
cide how many items a person would be ex- 
pected to break. This number divided into the 
appropriate number in the table will give the 
labeling limit. 

Another approach would be to select limits on 
the basis of some existing standard as has been 
done in Table V. NBS Handbook 61 groups ra- 
dioisotopes into four groups, according to their 
relative hazard, and fixes the quantities below 
which registration is considered unnecessary. 
Table V shows the group to which each of the 
twelve isotopes is assigned and suggests a label- 
ing limit which is one-tenth of the registration 
limit (except for thorium and uranium). The 
values in Table IV, divided by these suggested 
limits, give the number of broken items which 
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could result in a maximum permissible intake 
under the three conditions discussed. 

teferring to Table V, it is seen that an item 
containing Ca would not have to be labeled un- 
less it contained 10 ze or more of Ca*. It would 
not be considered hazardous for persons handling 
such items routinely to break as many as two 
items per day, and it would require a breakage 
of 330 items in one eight hour period to cause a 
total exposure to the critical organ of 10 rem. 
Also it would be possible for a person to break 
340 items without ever acquiring a permissible 
burden in the critical organ. 

The suggested labeling limits do not consider 
the external exposure hazard, but this can be 
taken into account easily. 
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HE HEALTH Physies Society publishes the first issue of its official organ, Health 
Physics, in February 1958. This new journal will limit its publication to articles re- 
lating to radiation protection and will include papers on research, engineering, applied 
health physics, maximum permissible exposure levels, instrumentation, radiobiology, 
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Handling and Disposal of 
Radioactive Wastes 


JOHN F. NEWELL 


Sanitary Engineer, Engineering Development Branch, Division of Reactor Development, 
U.S. Atomic Energy Commission 


For Presentation Before the Annual Conference of the American Industrial Hygiene 
Association, St. Louis, Missouri, Thursday, April 25, 1957 


ASTES containing varying amounts of ra- 

dioactivity in liquid, solid, and gaseous 
forms are generated through the entire spectrum 
of the nuclear industry. A myriad of these wastes 
are evolved from all operations beginning with 
the mining of uranium ores and continuing 
throughout the intermediate steps of producing 
suitable nuclear feed materials to the operation of 
reactors and finally to recovery of the unburned 
fissionable materials from the irradiated reactor 
fuels. The physical and chemical characteristics 
of the radioactive wastes vary over a wide range 
depending upon the particular operations from 
which they are generated. Their relative hazards 
depend to a large degree on the particular radio- 
nuclides involved and their concentrations. The 
ereat variation in the characteristics of the waste 
products from various processes and operations, 
including half-life, chemical state and concentra- 
tion, physical nature, the actual quantities of 
materials involved, and the specific location of 
the nuclear facility are all important in assessing 
the significance of the environmental hazard 
and in delineating waste handling and disposal 
criteria. 

In any discussion on the handling and disposal 
of radioactive wastes, it should be noted that 
radioactivity places a more demanding responsi- 
bility on the “waste handler and disposer” than 
heretofore encountered in industry. Radioactive 
materials are not susceptible to biological or 
chemical degradation as are other toxic and nox- 
ious chemical compounds encountered in the field 
of waste disposal. Instead, the biological and 
chemical reactions occurring in nature, which in 
time attack and render harmless the residual 
noxious components of ordinary industrial and 
domestic wastes, might very well serve as mecha- 
nisms for reconcentrating radioactivity that has 
been released to the environment. A great amount 
of work has already been accomplished and re- 
ported in the literature in studying these mecha- 
nisms although much still remains to be done. 
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From the very beginning of the atomic energy 
program in 1942, there has been a realization 
that the highly dangerous radioactive by-prod- 
ucts could have a far reaching adverse effect on 
man and his resources if indiscriminately re- 
leased to the environment. Because of this re- 
alization, a conservative policy on the control 
of these new waste materials was adopted at the 
early sites and continued in effect as AEC opera- 
tions expanded. Standards for the handling and 
disposal of radioactive wastes at AEC installa- 
tions have been based on maximum permissible 
amounts of radioisotopes in the human body and 
maximum permissible concentrations in air and 
water recommended by the National Committee 
on Radiation Protection. Within the framework 
of these values, each AEC operation area estab- 
lished waste disposal operating standards to fit 
the general conditions at the site taking into 
consideration the particular waste problem, geo- 
graphic location, and remoteness from populated 
areas. Because of these considerations, practices 
being followed at the various AEC operating 
areas in disposal of their wastes vary over a wide 
range from site to site. For example, sites lo- 
cated in remote regions on large land areas have 
been able to operate safely under less restrictive 
standards for discharge of their effluents than 
sites in highly populated areas situated on rela- 
tively small tracts of land. 

In 1956, regulations establishing standards for 
protection against radiation were promulgated by 
the AEC to establish uniform requirements which 
could be followed by the expanding industrial 
applications program. 

These standards which establish maximum av- 
erage permissible concentrations of radioactive 
materials in air or water that may be discharged 
to an uncontrolled area by a licensee are in gen- 
eral one-tenth of the values recommended by the 
National Committee on Radiation Protection in 
the National Bureau of Standards Handbook No. 
52. If a licensee cannot meet these requirements 
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at the point of liquid or gaseous discharge, pro- 
vision is made for him to propose alternative con- 
ditions if it can be satisfactorily shown that re- 
lease of higher quantities of radioactivity can be 
carried out safely, i.e., without hazard to man 
and impairment of his resources. In this respect, 
the regulations are a continuation of the present 
practice followed by AEC at its many operating 
sites. 

The atomic energy industry to date is com- 
prised largely of government-owned facilities op- 
erated under contract by private industrial or- 
ganizations. However, in the brief span of time 
since enactment of the 1954 Atomic Energy Act, 
the impact of private industry participation in 
the nuclear industry field has been great. In- 
dustry participation has greatly expanded the use 
of radioisotopes, has established privately owned 
and operated research and development facilities 
and, of perhaps greatest immediate interest, has 
embarked on a program leading to the develop- 
ment and construction of nuclear fueled electric 
generating stations. Increase in nuclear power 
facilities will create environmental problems in 
vaste disposal, but they are generally susceptible 
to effective and economic engineering control. 

Let us consider briefly the general character 
and relative magnitude of the environmental 
problems we are talking about in a nuclear fuel 
cycle consisting of (1) production of feed ma- 
terials, (2) reactor fuel fabrication, (3) reactor 
operations and (4) irradiated fuel processing. 

Because of the relatively low specific activity 
of uranium the wastes from feed materials pro- 
duction plants and fuel fabrication facilities can 
be classified as very low level from the radioactiv- 
ity standpoint. Procedures for treatment and dis- 
posal of the liquid and solid wastes from these 
operations are relatively straightforward and do 
not require remote control operations. Conven- 
tional liquid waste treatment procedures include 
sedimentation in baffled tanks, co-precipitation 
procedures and seepage ponds. The MPC value 
listed in Part 20 of the AEC regulations will per- 
mit seven millionths of a microcurie per cubic 
centimeter (7 X 10° ype/ec) of soluble natural 
uranium in an effluent (approximately 15 parts 
per million) at its discharge to an unrestricted 
area. 

The reactor is the first step in the nuclear fuel 
cycle in which fission products enter the waste 
picture. For the most part these toxic fission 
product materials are contained within the re- 
actor fuel elements and hence do not escape to 
the environment at this point. Unfortunately, 
fuel elements are not always perfect and minute 
but definitive amounts of fission products can 
be expected to be occasionally released to the 
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reactor coolant because of slight imperfections 
in the fuel elements. An air cooled reactor could 
present an air cleaning problem of major signifi- 
cance. Also the meteorological considerations 
would be of great importance in assessing the dif- 
fusion and dispersion that could be utilized in 
dilution to harmless levels of any radioactivity 
released to the atmosphere. In a water cooled 
reactor the fission products would contaminate 
the water coolant steam. The treatment and dis- 
posal method chosen for the contaminated water 
coolant would to some degree be dependent on 
the seriousness of the fission product leakage to 
the coolant. Except in the event of a major fuel 
element leakage, in which case the resulting radio- 
activity in the coolant stream could be very high, 
the wastes from normal operations are of a low 
level of activity and are generally susceptible to 
discharge after a minimum of decontamination 
treatment. It is important to note here that the 
degree of treatment required will to a consider- 
able extent be related to the hydrology, geology 
and geography of the specific site. 

At the chemical processing plant the fuel ele- 
ments, which contain essentially all of the fission 
products produced in the reactor, are dissolved 
for separation and recovery of the unfissioned 
or unburned fuel from the wastes. 

The fission products which constitute the “hot” 
component of the wastes are radioactive elements 
ranging in mass number from 70 to 162. From 
an environmental standpoint the more trouble- 
some of these elements include strontium, cesium 
and others in the rare earth series. 

In the solid fuel element prior to separation 
(which is today generally an aqueous chemical 
process) the concentration of fission products 
ranges from 100 to perhaps 1000 parts per mil- 
lion. In the course of processing the fission prod- 
uct concentration is considerably diluted by sol- 
vents, water and other solids. The resulting 
liquid wastes streams, are, therefore, quite dilute 
as far as mass concentration of fission products 
is concerned. However, because of the high spe- 
cific activity of these elements, these wastes may 
contain quantities of radioactivity up to several 
hundreds of curies per gallon. The effective life 
of this radioactivity may be measured in hun- 
dreds of years. These wastes also may generate 
heat to the extent of 10 to 50 Btu per gallon per 
hour. 

Disposal of high level liquid wastes, which re- 
sult from processing of irradiated fuel materials, 
is the major waste problem facing the nuclear 
industry today. All the other kinds and categories 
of wastes, though of considerable environmental 
significance, are several orders of magnitude less 
hazardous. It should be noted that, to date, no 
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high level wastes have been disposed of. They 
are simply stored in tanks located in the fuel 
processing areas. It is estimated that the total 
present tankage volume constructed, and in con- 
struction for high level wastes is about 100 mil- 
lion gallons. By the year 2000, various estimates 
place the total annual production of high-level 
wastes in the United States at about 10 million 
gallons. This means that an ever increasing vol- 
ume of expensive tankage will be required for 
storage unless safe ultimate disposal methods can 
be brought to engineering practicality. In addi- 
tion, the tanks have a relatively short safe life 
measured in terms of tens of years as compared 
with the long term toxicity of the waste which 
is measured in hundreds of years. This means 
that tankage construction volume must be fur- 
ther increased by the volume necessary for re- 
placement of existing tanks as they become un- 
safe for further use. The cost of tank storage 
now built or being built is estimated to be in the 
neighborhood of 10 million dollars. 

Low and intermediate level liquid wastes re- 
sult from fuel processing operations also, usually 
from second and third cycle separations and from 
fuel dejacketing. In addition, low-level liquids 
derive from reactor cooling systems, laboratories, 
fuel fabrication, laundering and other operations. 
In proper environmental situations, these wastes 
are susceptible to either direct dispersal to the 
environment or discharge following minimum 
treatment. Because of their large volume, mil- 
lions of gallons per day, total costs of treatment, 
where required, tend to be substantial. To mini- 
mize these costs, while keeping within strict 
bounds of safety, maximum possible use is made 
of nature’s dilution capacity. Site selection for 
nuclear facilities plays a very important role in 
this regard. Some liquid wastes at the smaller 
sites located in areas of high population density 
are concentrated to relatively small volumes, 
packaged and then shipped to the larger sites 
for land burial or to oceans for burial at sea. 

The total invested cost in AEC treatment and 
release facilities for low and intermediate level 
wastes is estimated to be in the vicinity of 9 
million dollars. The type of treatment varies, de- 
pending upon the character of waste involved. 
Evaporation, decay storage, co-precipitation, ion 
exchange and direct discharge to nature without 
pretreatment are all practiced to varying degrees. 
The total annual volume of low-level wastes 
presently discharged is estimated to be in the 
range of tens of millions of gallons initially con- 
taining millions of curies of the radioactive fission 
products. 

Solid radioactive wastes, such as machine turn- 
ings, useless contaminated equipment and con- 
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taminated trash are generated in all operations 
but at no time have they constituted a serious 
problem. The levels of activity associated with 
solid wastes may vary from a few times back- 
ground to levels requiring shielding or remote 
handling. To date, burial of such wastes under 
known, controlled conditions and, in certain cases, 
disposal at sea, have handled the problems suc- 
cessfully. Relatively small quantities of radioac- 
tivity, estimated in the range of a few thousand 
curies, have been disposed of at sea off both the 
Atlantic and Pacific Coasts through arrange- 
ments with the Navy. 

Established burial grounds exist only at the 
large production and research sites: Oak Ridge, 
Savannah River, Idaho, Los Alamos, and Han- 
ford. Other areas where radioactive materials 
are used, such as Knolls Atomic Power Labora- 
tory, Westinghouse Atomic Power Development, 
and Argonne National Laboratory usually en- 
compass comparatively small areas and are near 
or in densely populated sections. At such places 
it is the general, and we believe sound, policy not 
to dispose of solid wastes on site, but to ship them 
off site to one of the established burial grounds 
for final disposition. 

There is particular need in the Northeastern 
United States for a suitable installation for cen- 
tralized handling and disposal of solid wastes. 
The use of some facilities of the Lake Ontario 
Storage Area for this purpose was discontinued 
in 1954. Such an installation would facilitate 
waste disposal operations in that area and thereby 
reduce the cost of such operations. It would also 
provide solid waste handling and disposal serv- 
ices to meet the increasing requirements both of 
AEC contractors and licensees. At the present 
time, the only available receivers for solid wastes 
originating in the Northeastern United States 
are the Oak Ridge National Laboratory burial 
ground and the Atlantic Ocean where small scale 
disposal operations are being carried out. 

Characteristics of gaseous and/or airborne 
particulate wastes vary widely depending upon 
the nature of the operation from which they 
originate. In gaseous form they may range from 
rare gases, difficult to remove, such as Argon 
(A41) from air-cooled reactors, to highly cor- 
rosive gases such as hydrogen fluoride (HF) from 
chemical and metallurgical processes. Particu- 
late materials (aerosols) may be organic or in- 
organic and range in size from less than 0.05 
microns to 20 microns. The smaller particles orig- 
inate from metallurgical fumes caused by oxida- 
tion or vaporization. The larger particles may be 
acid mist droplets which are low in specific grav- 
ity and may remain suspended in air or gas 
streams for longer periods. An outstanding fea- 
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ture of air cleaning requirements for many nu- 
clear energy operations results from the ex- 
tremely small permissible concentrations of 
various nuclides in the atmosphere. Often re- 
moval efficiencies of the order of 99.9 percent or 
greater for particles less than 1 micron in diam- 
eter are necessary. These criteria are much more 
stringent than have heretofore been encountered 
in industrial hygiene engineering, and in the 
early days of the nuclear industry, could not be 
met by general industrial dust control equipment 
then available. This situation was met by a re- 
search and development program that encom- 
passed fundamental studies on the characteristics 
and behavior of aerosols, the design of special- 
ized equipment and the evaluation of the dis- 
persion of these materials into the atmosphere. 
As a result of this program such air cleaning units 
as high-efficiency filters capable routinely of re- 
moving 99.95 percent of particles 0.3 microns in 
diameter were developed and put into commer- 
cial production. A packed tower unit which uti- 
lized the chemical reaction between iodine and 
silver nitrate and was capable of removing I™ 
from gas streams with efficiencies greater than 
99.99 percent was designed and put into success- 
ful operation, and other special air cleaning 
devices were developed. The principles of at- 
mospheric diffusion and dispersion were quanti- 
tatively evaluated to the point where these fac- 
tors could be utilized in the overall design of 
gaseous waste treatment facilities. Also, funda- 
mental information was, and is being, obtained 
on the characteristics of aerosols to aid in the 
assessment of gaseous waste problems and the 
continued development of improved air clean- 
ing equipment. 

Some air cleaning problems which require fur- 
ther technical effort include high efficiency fil- 
tration at temperatures above 1000-1500°F, and, 
more efficient removal of iodine will be required 
if irradiated fuels are processed after a very short 
time cooling period. The question of the biologi- 
cal role of a discrete, individual radioactive par- 
ticle is still under active consideration and its 
resolution might well influence the performance 
criteria of engineering facilities designed to con- 
trol particulate effluents. Although there are 
these unsolved problems, handling and disposal 
of gaseous wastes from nuclear facilities are al- 
ready amenable to practical engineering control. 

In summarizing, the purpose and scope of the 
research and development activities that are be- 
ing carried out by the Commission in the waste 
disposal field should be indicated briefly. The 
major objectives of the research and develop- 
ment are: 

1. To develop practical systems for the safe 
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handling and ultimate disposal of highly radio- 
active wastes, particularly those resulting from 
the direct operation of chemical processing plants 
and certain types of reactors. 

2. To determine quantitatively the dilution 
and/or concentration factors for radioactivity in 
the environment in order to establish the degree 
of treatment required prior to release of specific 
effluents to the ground, atmosphere, or surface 
waterways. 

3. To obtain increased knowledge of the funda- 
mental phenomena and processes involved in 
handling and disposal of radioactive wastes so 
that more efficient and more economical hand- 
ling and disposal methods may be devised. 

In pursuing the above objectives, the Atomic 
Energy Commission attempts at all times to 
maintain close working relationships with other 
groups which share an interest in, and concern 
about, these problems. These groups include in- 
dustry, other countries, and other agencies of 
government in this country at the Federal, in- 
terstate, state, and local levels. 

In pursuing the first objective, concerned with 
developing systems for disposal of highly radio- 
active aqueous wastes, two general approaches 
are being followed. One is to explore the feasi- 
bility of concentrating and fixing the radioactive 
waste material, i.e., the actual fission products, in 
a stable, solid medium so that the possibility of 
migration of the radioactive material into the 
environment would be eliminated or reduced to 
safe limits. The medium containing the radioac- 
tive material could then be stored or buried per- 
menently (disposed) in selected locations without 
deleterious effect on the environment or natural 
resources. 

Work on this approach has been carried out 
at Brookhaven, Idaho, Oak Ridge, Johns Hop- 
kins, Los Alamos, Argonne, and other installa- 
tions. Results of this work have indicated the 
following: 

1. With wastes containing high salt concentra- 
tions (such as aluminum nitrate wastes from 
processing U-Al alloy fuels) conversion, by heat- 
ing, of salts and fission products to a solid oxide 
form is in itself a desirable waste handling scheme 
and also is a useful step in an ultimate disposal 
system. This system would involve leaching of 
the oxide and further fixation of the leachate. 

2. It may be possible to utilize the decay heat 
in highly radioactive wastes to self-sinter a mix- 
ture of aqueous wastes and natural earth mate- 
rials. 

3. Fixation of radioactivity in synthetic feld- 
spars (activated hydrated alumino-silicates) ap- 
pears promising. 

Based on this work, additional hot cell facili- 
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ties are planned at the Idaho Testing Station to 
investigate, among other things, conversion to 
oxide on a prototype scale. This planned and 
budgeted waste handling and disposal develop- 
ment facility represents a major step in the de- 
velopment program. 

The other approach, on which to date less work 
has been done, involves the discharge of the aque- 
ous wastes, essentially untreated, into specific 
underground geologic formations. Such forma- 
tions as salt domes and salt strata, deep syn- 
clinal basins, specific shale formations and cer- 
tain porous sedimentary lenses or strata, on 
preliminary analysis appear useful for such pur- 
poses. Having carried out such preliminary analy- 
ses through contracts with the National Acad- 
emy of Sciences, U. 8. Geological Survey and The 
Johns Hopkins University it has been concluded 
that further development efforts, both on the 
laboratory and the field scale, are warranted. 
Work related to disposal in salt structures has 
been initiated, on a laboratory scale, at the Uni- 
versity of Texas. Also, discussions have been held 
with a number of commercial and government 
organizations in the petroleum and related in- 
dustries preparatory to designing field experi- 
ments. 

Development work related to the second ob- 
jective has been carried out through contracts 
with the U. S. Geological Survey, U. 8S. Weather 
Bureau, Harvard University and Northwestern 
University. Work at Knolls Atomic Power Labo- 
ratory in Schenectady, Oak Ridge, Hanford, Sa- 
vannah River and other AEC installations is also 
contributing substantially to this objective. As a 
result of these activities the various factors in- 
volved in utilizing environmental dilution or 
concentration factors have been generally iden- 
tified. In specific instances, this identification 
has been sufficiently detailed and quantitative 
to permit the establishment of engineering and 
operating criteria for continuing routine, safe 
disposal of certain wastes. Disposal of reactor 
coolant into the Columbia River and ground dis- 
posal of certain process area wastes at Hanford, 
surface pit disposal of laboratory wastes at Oak 
Ridge and Savannah River and disposal of low- 
level wastes into the Mohawk River at Knolls 
Laboratory are examples of such operations 
which are resulting in substantial economic sav- 
ing over other more complex waste treatment 
systems. 
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Research and development projects related to 
the third objective noted are being worked on 
at the National Laboratories and at various uni- 
versities, including Harvard, Massachusetts In- 
stitute of Technology, Yale, Illinois, and Cali- 
fornia. Included are studies of heat evolution and 
ultilization from high-level wastes, the physical 
and chemical reactions between radioactive nu- 
clides and materials of the environment, behavior 
of aerosols and their relation to air and gas clean- 
ing and others. These projects represent, for the 
most part, the basis for further development ac- 
tivities and form an essential part of the over- 
all research and development program. 

The main purpose of research and develop- 
ment activities in the immediate future, particu- 
larly with regard to highly radioactive aqueous 
wastes, is to bring to engineering practicality ul- 
timate disposal systems which can be estab- 
lished as being technically and economically 
feasible. Priority will be given to prototype scale 
experiments related to such activities as fixation 
of radioactivity, removal of specific nuclides and 
direct disposal to specific geologic formations. 
With regard to fixation and allied investigations, 
the planned waste disposal development facility 
at the Idaho Testing Station is, as previously 
noted, an important initial step. If other systems 
such as self-sintering and disposal into salt 
domes, are to be adequately investigated, realistic 
projects will be required for them also. These 
possibilities can be proven only by doing. 

Other important areas of future research and 
development should also be noted. Included here 
is work related to the physical handling and 
transportation of highly radioactive materials. 
This problem is presently under general consid- 
eration by a group representing the AEC and 
certain of its major contractors. To as least a 
limited extent some ocean disposal studies are 
deemed necessary and work is presently under 
way to gather specific oceanographic information 
related to this problem. 

Finally, it may be stated that the problems of 
ultimate and safe disposal of radioactive wastes 
is, In its way, no less complex than other seg- 
ments of the nuclear energy enterprise. There- 
fore, it seems not unreasonable to expect that a 
proportional amount of technical competency 
and ingenuity will be applied to these problems. 
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This work was performed under AEC contract AT (80-1) 912 


Introduction 


ARLIER experiments in which rats’ lungs 
were exposed to comparable doses of radia- 
tion by externally applied x-rays and by inter- 
nally deposited radioactive barium sulfate parti- 
cles showed that the x-rays had a very much 
greater biological effect, using death of the ani- 
mal as a criterion, than the radiation point 
sources from the dust particles.» * Although ap- 
proximately equal doses had been absorbed, the 
two agents were not biologically equivalent. The 
difference between the two agents was attributed 
to the fact that, in the case of the x-rays, energy 
absorption was uniform throughout the lung, 
while in the case of the point sources of radiation, 
energy absorption at a very high rate occurred 
in the tissue volume immediately around the dust 
particle, while more remote tissues absorbed lit- 
tle or no energy. In this way, only a part of the 
lung tissue was irradiated. The irradiated tissue, 
of course, absorbed much more than the average 
dose. From these results, it was inferred that the 
spatial concentration of absorbed energy around 
a point souree of radiation did not necessarily 
represent a unique hazard, and that the volume 
of irradiated tissue, as well as the integral dose, 
was a significant parameter in the lung hazard 
from inhaled radioactive particles. 


Experimental Technics 


The question regarding the spatial concentra- 
tion of absorbed energy around a single point 
source of radiation was investigated by implant- 
ing small radioactive glass beads* into the pulmo- 
nary parenchyma of rats. 

The sources were prepared by thoroughly mix- 
ing strontium carbonate with powdered soft 
glass, in a weight ratio of 1:5, scooping up a bit 
of the mixture, and fusing it at a high tempera- 
ture. In making the beads, 32.89 millicuries of 


Presented at the American Industrial Hygiene Association 
Meeting, St. Louis, Mo., April, 1957. 
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carrier free Sr”* was adulterated with 13.2 milli- 
grams strontium in the form of Sr(NQs). solu- 
tion. The carbonate was precipitated by the ad- 
dition of excess Na,CO:. The precipitate was 
centrifuged, most of the supernatant was de- 
canted, and 112.4 milligrams powdered glass was 
mixed with the strontium carbonate slurry. The 
resulting specific activity of the mixture was 244 
microcuries per milligram. The beads were fused 
by placing small quantities of the mixture on a 
carbon block and heating for one-half hour in 
an electric furnace at a temperature that caused 
the interior of the furnace and its contents to 
radiate bright yellow-white light. This treatment 
resulted in spherical beads whose size distribu- 
tion was 0.32 + 0.11 millimeters diameter. The 
leeching effect of water was tested by keeping a 
bead containing 7 microcuries Sr” in 10 milliliter 
tap water. After six months, 0.87 microcuries, 
about .01 percent of the activity in the bead, 
was found in the water. 

One bead was implanted into a lung of each 
rat, using sterile technics, with the aid of an 18 
gauge hypodermic needle. A small quantity of 
isotonic saline was taken up in a 0.5 cubic centi- 
meter tuberculin syringe, then the bead was 
placed on the tip of the needle, and the syringe 
was filled to the 0.1 cubie centimeter mark. The 
bead was injected into the lung by piercing the 
chest between two ribs on the right side. Injec- 
tion of the bead was confirmed in every case by 
measurement with a Geiger counter. Male Car- 
worth Farms Wistar strain rats, whose weight 
distribution was 286 + 33 grams were used. 
Twenty-three rats were treated with the radio- 
active beads, twenty rats had non-radioactive 
glass-strontium beads injected into the lungs, 
fifteen rats were given intra-pleural injections of 
0.1 milliliter isotonic saline, and eight were kept 
as colony controls. After death or sacrifice, the 
animals were autopsied, and the lungs, liver, 


 *Item No. Sr¥-90-P, O.R.N.L. 


Radioisotope Catalog, 
January, 1957. 
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Ficure 1. Cumulative Death Rates 


spleen, kidneys, heart, lymph nodes, femur and_ disintegrated and that the strontium had been 
adrenals were removed for microscopic examina- systemically absorbed. In the other two rats, very 
tion. The bead was recovered from all but five little radioactivity was found in the skeleton. It 
anmials. In three of these five, the bones were _ is clear that in these two animals, the bead had 
very radioactive, suggesting that the bead had _ been eliminated in some way. 


ry 


Figure 2. Hyperkeratinization & squamous metaplasia of the trachea in rat that died 
216 days after implantation of bead. 
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Ficure 3. Squamous cell carcinoma in lung of rat that died 336 days after intrapulmonary 
implantation of Sr® bead. 


Figure 4. Squamous cell carcinoma in lung of rat that died 487 days after implantation of 


bead. 
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Figure 5. Squamous cell carcinoma at carina in a rat that died 581 days after the bead 


was implanted. 


Results 


No difference was observed in lethal effects 
between the rats that were treated with the ra- 
dioactive bead and the control rats whose chests 
had been punctured. The first experimental ani- 
mal died 131 days after exposure, and the last 
one was sacrificed 575 days after treatment. In 
the case of the control rats, the first death oc- 
curred 91 days after injection of the non-radio- 
active beads. The cumulative death rate curves, 
Figure 1, show that the observed deaths may be 
attributed to the traumatic aftermath of the 
lung punctures, since no deaths occurred among 
the colony controls, and since the death rates 
among the other three groups were about the 
same. 

The traumatic effect of the lung puncture was 
confirmed by the histopathology observations. 


The colony control tissue sections showed only 
murine viral pneumonia, a condition endemic 
among all rat colonies unless an aseptic environ- 
ment is provided from prenatal life onward.‘ 
Among the rats that had had lung punctures, a 
wider variety of pulmonary disease was observed. 
One of the saline control rats had a lympho- 
sarcoma of the lung with metastasis to the 
kidney. Another rat from the same control 
group had a cholangiocarcinoma of the liver and 
showed the presence of some of the tumor cells in 
the lung. One of the control rats that had re- 
ceived a non-radioactive bead had an anaplastic 
carcinoma of the liver with metastases to the 
lung and lymph nodes 

The distinguishing feature of the group of rats 
that had been treated with the radioactive beads 
is the large number of primary malignant tu- 
mors found in the pulmonary tree—four squa- 
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mous cell carcinomas, two lymphosarcomas, and 
one lymphoma. In addition, one rat, in which the 
bead was found at the corina, showed necrotic 
changes on the outside of the bronchus adjacent 
to the bead, and squamous metaplasia in the 
epithelium on the inside of the lumen. Another 
rat was found with hyperkeratinization and 
marked squamous metaplasia of the trachea, 
suggestive of a premalignant change or early 
squamous cell carcinoma, Figure 2. In this rat 
the bead was found high in the thoracic cage be- 
tween the apex of the left lung and the chest wall. 
Of the seven malignant tumors, six were inti- 
mately associated with the radioactive beads. 
The seventh, the lymphoma, came from one of 
the rats in which the bead was not recovered in- 
tact. In this animal, diffuse activity was found 
in the tumor, and all the organs as well as in the 
skeleton, thereby suggesting that the bead may 
have disintegrated before the rat was sacrificed, 

The most significant finding is the squamous 
cell carcinoma. Two of the four carcinomas were 
extensive, invasive tumors composed of keratin, 
horny pearls, and well differentiated squamous 
cells (Figures 3, 4). The tumor tissue immedi- 
ately adjacent to the radioactive bead was not 
remarkable and showed only necrotic debris. In 
the case of the third carcinomatous rat, the bead 
was found in the center of a hard, fibrous sphere, 
about four millimeter outside diameter and three 
millimeter inside diameter. Inside, a white semi- 
liquid material surrounded the bead. An early, 
small bronchogenic squamous cell carcinoma was 
found in the area of the encapsulated radioac- 
tive bead. 

The fourth tumor was formed at the corina. 
Here too the neoplasm included squamous meta- 
plasia of the bronchial epithelium, keratin pearls, 
and well differentiated squamous cells. (Figure 
5). 

Bronchogenie squamous cell carcinomata are 
not known to arise eryptogenically among rats, 
and, therefore, must be attributed to the radio- 
active beads. 


Dosimetry 


Although biologically meaningful dosimetry 
for radiation point sources is, at the present time, 
very difficult, the dose delivered by the radio- 
active beads can be described in several different 
ways physically. The surface doses, for example, 
as well as the variation of dose rate with distance 
can be calculated with the aid of Loevinger’s ex- 
pernmentally determined point source dose func- 
tion.’ Calculated values for the surface dose rates 
range from 5.94 & 10° rad per day for the small- 
est bead, containing 1.09 microcuries Sr” to 1.75 
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Total Dose Rad 


ORBED DOSE 


PER CENT OF TOTAL ABS 


Squamous Cell Carcinoma 


Dose Rate, Rad/ Day 660 160 


Exposure Time, Days 333 487 


2.2 X 105 7.8 X 104 


7° 


° 
BEAD “9 

¢ 


X 10° rad per day for a 59.3 microcuries Sr” bead, 
the largest one made. The decrease in dose rate 
with distance from the surface is very rapid, 
as shown by Figure 6, the dose rate-distance re- 
lationship for a bead extracted from the center 
of a squamous cell tumor. The surface dose rate 
in this case is 1.32 x 10° rad per day. This de- 
creases to zero, of course, over a distance of 1.08 
grams per cm*, the range of the Y" 
The very rapid initial fall off rate is due to the 
absorption of the relatively low energy Sr” beta 
tays, while the higher energy component of the 
curve is due to the high energy beta rays from 
the Y” daughter of the radiostrontium 

The mean dose rate to a sphere of tissue whose 
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tissue mass. 


surface is at a distance equal to the range of the 
beta radiation from the bead surface is still an- 
other way of specifying the dose physically. This 
mean dose rate may easily be calculated by inte 

grating the area under the dose-distance curve, 
and dividing by the total mass of tissue in which 
the energy is absorbed. Figure 7 shows the aver- 
age daily dose rates plotted against the diameters 
of the beads used in this experiment. The daily 
dose rates are seen to range trom 77 rad per lay 
for the smallest bead to 1920 rad per day for 
the largest. In the case of the carcinogenic bead 
whose dose-distance relationship is shown in Fig 

ure 6, the mean dose rate was 660 rad per day 

The daily dose rates, as well as the total dose 
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summed over the survival period, are given in 
Table I. 

Figure 8 shows the cumulative energy absorp- 
tion as a function of absorbing tissue mass. This 
curve, for the carcinogenic bead that delivered 
220,000 rad, shows that 50 percent of the total 
energy was absorbed by less than 114 percent of 
the total irradiated tissue, and that 90 percent 
of the total dose was absorbed by only 16 per- 
cent of the irradiated tissue. 

The authors wish to thank Mr. T. B. Grucci 
and Mr. Paul Bell for technical assistance, Mr. 
Jack Thomas for preparation of the tissue sec- 
tions, and Dr. L. Gamboa for pathology inter- 
pretations. 
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“Biological Response Curves;” 


Discussion 


The radioactive beads used in this experiment 
irradiated the lungs in a new uniform manner. 
However, despite the fact that the absorbed 
dose to the lung was greater by an order of magni- 
tude than that delivered to rats by external 
x-irradiation, no increase in death rate that 
could be attributed to radiation was observed. 
The result of this experiment, therefore, is com- 
patible with the hypothesis that the energy ab- 
sorbed from a single intrapulmonary radiation 
source is less lethal than the uniform absorption 
throughout the lung of the same amount of 
energy. 

In the case of radiation induced lung cancer, 
another biophysical situation exists. The radio- 
active beads were found to be carcinogenic; the 
malignaney frequency was 30 per cent and the 
carcinoma frequency was 17 per cent. These fre- 
quencies, when translated into cancer rates among 
humans, are extremely high. Among humans, the 
lung cancer rate is about 30 per 100,000, or .003 
per cent. In most instances susceptibility to lungs 
and to other biological agents is logarithmically 
distributed,’ that is, the magnitude of the effect 
is proportional to the logarithm of the dose. It 
is then immediately clear that the large carcino- 
genic doses reported in this experiment assume 
practical importance when the relatively low 
lung cancer incidence due to environmental and 
other cryptogenic agents is considered. 


HE NINETEENTH Annual Meeting of the American Industrial Hygiene Asso- 

ciation will be held in Atlantic City, New Jersey, April 21-26, 1958. Over one 
hundred technical papers will be presented on topics from the fields of radiation, air 
pollution, noise, toxicology, engineering control of hazards, and analytical chemistry. 
Professional hygienists and interested persons from industry, public health, labor and 
management groups, schools and universities, safety and technical organizations, 
medical institutions, and from the armed forces will convene to discuss current prob- 


lems and recent advances in these fields. 


Meetings of the American Conference of Governmental Industrial Hygienists, the 
Industrial Medical Association, the American Association of Industrial Dentists and 
the American Association of Industrial Nurses will be held at the same time. 

Headquarters for the AIHA activities will be the Claridge Hotel. Registration will 
commence Sunday, April 20, at the Claridge Hotel and at Haddon Hall. Beginning 
Monday, April 21, registration will continue at Convention Hall. 

Advance registration may be obtained by mailing $3.00 to the Industrial Health 
Conference Registration, Room 1300, 28 E. Jackson Blvd., Chicago 4, Illinois. 
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A Rapid Empirical Procedure for the 
Determination of Acrylonitrile and 
Acrylic Esters in the Atmosphere 


J. B. GISCLARD, D. B. ROBINSON and P. J. KUCZO, Jr. 


Industrial Hygiene Section, Central Medical Department. American Cyanamid 
Company, New York 20, New York 


HE USE of acrylonitrile, acrylic esters, and 

related compounds in industry is of concern 
to the industrial hygienist who must be prepared 
to safeguard the health of workers exposed to 
them. 

In routine evaluation of a working environment 
where engineering controls have been applied the 
necessity for rapid methods of sampling and 
analysis are not necessarily required. But in cir- 
cumstances where a new use of the solvent is be- 
ing investigated or where laboratory facilities are 
not readily available the need is for a simple 
method of sampling and analysis that will indi- 
cate immediately if operating personnel are being 
exposed to excessive concentrations of vapor. 

Reference to the literature for specific and 
rapid methods of sampling and analysis for such 
related substances as acrylonitrile, ethyl acrylate, 
and methyl methacrylate reveals that none are 
available for rapid “on the spot” determination. 
Petersen and Radke’ described a method for de- 
termining acrylonitrile based on scrubbing the 
air through concentrated H.SO,, which is then 
treated to hydrolyze the acrylonitrile to yield 
ammonia. The ammonia is distilled and titrated. 
Bird and Hale’ developed a polarographic method 
for acrylonitrile and Haslam and Newlands’ de- 
scribed a procedure based on the reaction be- 
tween acrylonitrile and lauryl mercaptan. 

These methods being lengthy and requiring 
laboratory analysis do not lend themselves to “on 
the spot” procedures so often desired for the 
reasons stated above. A need for such procedures 
led to our investigation of the rapid reaction 
that was observed to take place when acrylonitrile 
vapor was brought in contact with an alkaline 
solution of potassium permanganate. The pink 
color of the solution changes to blue-green as the 
rapid oxidation reaction yields quadrivalent man- 
ganese ions. 

Originally it was felt that the reaction might 
be employed as a rapid means of detecting un- 

* Headquarters, Wright Air Development Center, United 
States Air Force, Nuclear Engineering Test Facility, Wright- 
Patterson AFB, Ohio. 


desirable high concentrations of vapor in work- 
room atmospheres. Subsequent refinement and 
use of the test revealed that a satisfactory ‘“‘on 
the spot” method could be developed for acrylo- 
nitrile, ethyl acrylate, methyl methacrylate, and 
methyl vinyl pyridine. All these compounds con- 
tain double bonded carbon atoms and react im- 
mediately with an alkaline solution of potassium 
permanganate. Other compounds of this type 
would be expected to react in the same manner. 

Recently, Issa and Hewaidy* described how 
the introduction of telluric acid in oxidation 
processes with alkaline permanganate offers cer- 
tain advantages in inorganic analysis by keeping 
the manganese in the quadrivalent state. We also 
have found that in the oxidation of the above 
organic compounds the addition of tellurie acid 
stabilizes the reaction and the vapor-air mixture 
can be scrubbed directly through the permanga- 
nate until a blue-green color appears. If the vol- 
ume of air required to cause the color change is 
noted, reference can be made to a curve pre- 
pared from known concentrations. In this manner 


the concentration of the vapor can be found 
immediately. 


Procedure 
REAGENTS: 


1. Fresh .001 N solution of potassium perman- 
ganate prepared from a standard .1 N solution. 
Use distilled water, not de-ionized water, and 
store in a glass stoppered bottle or polyethylene 
bottle. 

2. 25% solution of NaOH. 

3. 10% solution of tellurie acid. 


APPARATUS: 


A syringe type sampler already described for 
such “spot tests”.® This unit consists of a 100 ce 
glass syringe clamped on an L-shaped board and 
connected to a T-tube. One end of the T-tube is 
connected to the inlet of an all glass midget 
impinger and the other is left free so that it can 
be manipulated as a valve for operating the 
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Ficure 2 


syringe. A sketch of the basic assembly is shown 
in Figure 1. Any convenient suction device can 
be used whose rate of flow can be controlled to 
maintain 300 ce per minute through a side arm 
test tube, scrubber or midget impinger. 


FIELD PROCEDURE: 


Pipette 10 ml. of the KMn0O, into the all glass 
midget impinger scrubber, add 5 drops of 25% 
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NaOH and 10 drops of 10% telluric acid. Shake 


re 
and replace in the sampling apparatus. Holding a 
the apparatus in the left hand with the left fore- hy 
finger over the open end of the T-tube pull the} ~ 
syringe plunger back at such a rate that the air | sy 


to be tested passes through the solution at a rate 
of approximately 100 ec in 20 seconds. Remove 
the left forefinger and push the plunger back to 
its original position and resume the aspiration, 
Continue in this manner until the permanganate 
changes from pink to blue-green. Record the vol- 


ume of air required to cause this color change and ” 
obtain the reading of the vapor concentration in 

PPM in the atmosphere from a prepared curve, | P! 
Such curves can be prepared by adding known | “S 
amounts of solvent to a chamber of known capac- th 
ity. We use a 520 liter chamber. hie 


The method is empirical and therefore should 
be used with good judgement preferably as a 
means of evaluating exposures to a single com- 
ponent. When used in this manner it has been 
found to give reliable results when calibrated for 
the particular compound to be determined. Fig- 
ure 2 shows the types of curves obtained by 
drawing air containing known vapor concentra- 
tions of acrylonitrile, ethyl acrylate, methyl 
methacrylate and methyl vinyl pyridine through 
10 ml of the prepared reagent. 

Experience indicates that a fairly rapid color 
change takes place with concentrations that are 
above 25 parts per million. 

Below 25 parts per million the color change is 
not as rapid but values are obtained that fall 
close to the line extended for other concentra- 
tions. Acrylonitrile has a.maximum threshold 
limit of 20 parts per million as established by the 
American Conference of Governmental Industrial 
Hygienists. The test therefore serves as a useful 
procedure for establishing whether or not this 
limit is being exceeded during routine operations 
in an eight hour workday period. 

The ability to detect an end point with a satis- 
factory degree of precision has been shown by 
placing several of the final green colored solutions 
in a spectrophotometer and recording the percent 
transmission at 530 my. The deviation was slight. 


Notes 


The permanganate is not stable once the alkali 
and telluric acid have been added and the mixture 
should be prepared in the impinger immediately 
before each test. This is easily accomplished by 
putting the reagents in dropping bottles and 
placing the entire assembly in a portable kit. 

Scrubbing uncontaminated air through the 
mixture will eventually cause a color change but 
the volume of air required has been found to be 
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over 30 liters, hence there is no interference from 
instability when concentrations of vapor of 
hygienic significance are encountered. 


Summary 


1. A simple “on the spot” procedure has been 
developed for determining concentrations of va- 
pors of acrylonitrile, ethyl acrylate, methyl meth- 
acrylate, and methyl vinyl pyridine based on the 
presence of double bonded carbon atoms reacting 
with alkaline permanganate. 

2. The reaction is so rapid that it permits the 
preparation of an empirical curve in which the 
volume of contaminated air is plotted against 
the concentration of the vapor in parts per mil- 
lion parts of air. 

3. Curves have been prepared for acrylonitrile, 
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ethyl acrylate, methyl methacrylate, and methyl 
vinyl pyridine. These curves can be used in the 
above described method as the basis for de- 
termining concentrations of vapor in workroom 
atmospheres. 

4. All apparatus and reagents can be placed in 
a small kit that is light and portable. 


References 


1, Petersen, G. W., ano Rapke, H. H., Ind. Eng. Chem., 
Anal. Ed., Vol. 16, No. 1, Pages 63-64, Jan. 1944. 

. Birp, W. L., ano Hate, C. H., Anal. Chem., Vol. 24, No. 
3, Pages 586-587, March 1952. 

. HastaM, J. AND New .anps, G., Analyst, Vol. 180, Pages 
50 to 53, January 1955. 

. Issa, I. M. ann Hewarpy, I, F., Chemist Analyst, Vol. 
44, Page 70, 1955. 

5. Gisctarp, J. B. et al., Amer. 
Vol. 14, No. 1, March 1953. 


Indus. Hyg. Assoc. Q., 


CIENTISTS and engineers with bachelor’s degrees are being invited to apply for 
special Atomic Energy Commission fellowships in industrial hygiene—a field 
of particular interest to the Commission because of its close relationship to the atomic 


energy program. 


Administered for the AEC by the Oak Ridge Institute of Nuclear Studies, the one- 
year fellowships lead to a master’s degree from either Harvard University or the 
University of Pittsburgh. Course work varies with the university selected and the 
interests and background of the individual. 

Basic stipend for industrial hygiene fellows is $2500 for ten months, plus tuition, 
fees and travel and dependency allowances. Maximum age for applicants is 35. 

Detailed information concerning these fellowships, and application blanks are avail- 
able from the Industrial Hygiene Fellowship Office, Oak Ridge Institute of Nuclear 
Studies, Oak Ridge, Tennessee. Deadline for application is March 1, 1958. 


Chronic Toxicity of Pentaborane Vapor’ ' 


GEORGE J. LEVINSKAS, Ph.D., MARIAN R. PASLIAN, B.S., 


ECENTLY, the American Conference of 
Governmental Industrial Hygienists sug- 
gested a tentative threshold limit of 0.01 p.p.m. 
of pentaborane (B;H,).’ Some of the considera- 
tions which led to the inclusion of this compound 
in the tentative list have been cited by Stokinger’ 
The published animal toxicity data deal only with 
acute and subacute exposures to pentaborane. 
These studies show that less than 20 p.p.m. of 
pentaborane kills small laboratory animals in a 
few hours.’ Concentrations as low as 3.3 p.p.m. 
are fatal to rats repeatedly dosed for several five- 
hour periods.‘ Other information indicates a four- 
hour LC, value of 6.0 p.p.m. of pentaborane for 
male rats. The similar figure for female mice is 
3.4 p.p.m. At a level of 1.0 p.pm., 9/10 rats 
survived eleven exposures of 61% hours each al- 
though they experienced a weight loss and showed 
signs of a loss of equilibrium.’ 

No chronic toxicity data have as yet been re- 
ported. Consequently, it appeared desirable to 
present our results inasmuch as they tend to sup- 
port the previously reported tentative threshold 
limit. A pilot study was conducted at 1.0 p.p.m., 
followed by a chronic study at 0.2 p.p.m. of 
pentaborane. 


Experimental Procedures 


The pentaborane (B;H,) used was supplied to 
ust in steel cylinders of approximately 5 liters 
capacity, mixed with nitrogen, under a pressure 
of 400 p.s.i. Suitable dilutions of this mixture were 
made to achieve the desired concentrations of 
pentaborane within the chamber. With few ex- 
ceptions (such as glass to metal joints where Ty- 
gon tubing was utilized), essentially an all- 
glass assembly was employed to meter, dilute and 
conduct the pentaborane into the chamber. The 
interior walls of this glass system were coated 
with a Dow-Corning silicone. This served to de- 
crease the decomposition of the pentaborane (as 
judged by the formation of a white deposit, pre- 
sumably boric acid, on the walls of the glassware) 
and also facilitated cleaning of the assembly. 
ae” This work was supported by the Directorate of Medical 
Chemical Warfare 
Center, Maryland. 

t Dept. Occupational Health, Graduate School of Public 
Health, Univ. of Pittsburgh. 


t Prepared by Dr. Lawrence J. Kuhns. 


research Laboratories, Army Chemical 


and WALTER R. BLECKMAN, B.S. 


A wooden exposure chamber of approximately 
1800 liters was employed. A three-step dilution 
procedure was used to deliver the pentaborane 
to the chamber. A small, metered amount of the 
borane-nitrogen mixture was diluted with air 
and this resulting mixture was further diluted 
with air. Following this juncture, a sampling port 
was inserted to permit withdrawal of air samples 
for analysis. Up to this point, the air added to the 
pentaborane was dried by passage over columns 
of drierite. The additional air, required for dilu- 
tion to the final concentration just prior to the 
passage of the pentaborane stream into the cham- 
ber, was not dried. 

In the pilot study (1.0 p.p.m.), the chamber 
was exhausted at a rate of 340 liters per minute, 
thus providing an air change every 5-6 minutes. 
This exhaust rate was increased to 510 liters per 
minute in the chronic study (0.2 p.pm.). The 
pentaborane flow was also decreased in order to 
achieve this lower concentration. The various 
connections were periodically checked for pos- 
sible leaks by means of the silver nitrate-amyl- 
amine spot test.’ In a few instances when leaks 
were detected, lubrication of the joint with 
Fluoralube served to effect a leakproof seal. 

Male mice (CFW), male albino guinea pigs, 
male rabbits (New Zealand Albinos) and male 
rats (CFW) were employed in the 1.0 p.pm. 
study. The latter two species plus male Rhesus 
monkeys, female mongrel dogs, and male golden 
hamsters were used in the chronic study. These 
animals had been obtained from commercial 
sources and kept under observation for several 
weeks before being placed on test. They were 
fed adequate commercial diets with the guinea 
pigs receiving supplemental doses of vitamin C 
orally while the monkeys received fresh oranges. 
The dogs had been dewormed and inoculated 
against distemper. At the start of the experi- 
ments, all animals were in apparent good health. 

The exposures were conducted for six hours 
daily, five days per week. In the study at 1.0 
p.p.m., the surviving animals were sacrificed af- 
ter 20 exposures. The detailed study at 0.2 p.p.m., 
consisted of two groups of animals. One group 
consisted of rats which were to be serially sacri- 
ficed at two week intervals. The second group 
was composed of those animals which were to be 
exposed for the entire period. At the termina- 
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tion of the exposure schedule, the survivors of 
this latter group had had 128 exposures except 
for the dogs who had completed 125 exposures. 

Because of the staggered exposure schedule, 
and due to occasional deaths, the number of ani- 
mals in the chamber was not constant. However, 
at no time did the animals occupy more than 
45% of the chamber volume.’ Care was taken 
to rotate the position of the respective cages 
within the chamber so that no single group al- 
ways occupied the same geographic position. 

Food and water were withdrawn from the con- 
trol animals during the period that the exposed 
animals were in the chamber. At all other times, 
water and food were freely available. All ani- 
mals were weighed twice a week, before the Mon- 
day exposure and after the Friday one. 

The following tests were performed on ani- 
mals exposed during the chronic study. Hemato- 
logical studies were performed upon all of the 
dogs plus 20 of the rats which were scheduled 
to be exposed for the entire period and ten of the 
control rats for the latter group. The hemo- 
globin value,’ hematocrit,” red and white blood 
cell counts," and the number and percentage of 
the polymorphonuclear cells” were determined. 
Control values were obtained at different inter- 
vals, at least two or three such values being ob- 
tained on each animal. During the exposure pe- 
riod, the determinations were initially made at 
two or three week intervals. About midway 
through the study, the period between tests was 
lengthened to four weeks. 

Essentially 18 hour urine samples were col- 
lected from each dog at weekly intervals during 
both the pre-exposure and exposure periods. 
These specimens were collected and stored in 
bottles under a layer of toluene. After the vol- 
ume was measured and recorded, aliquots were 
taken for various tests and the remainder was 
preserved for analysis of its boron content.* 

In addition to the volume, the specific gravity 
(hydrometer), pH (Fisher Alkacid test paper), 
amount of sediment and odor of the sample were 
recorded. Tests were then run for urinary sugar,” 
albumin (Bumintest tablets) and blood (Hema- 
test tablets). Aliquots of each sample were also 
examined microscopically." The total (18 hour) 
urinary creatinine” was also determined on these 
dog urine specimens. At weekly intervals, but on 
separate 18 hour specimens, the urinary amino 
acid nitrogen was determined.” Catheterized 
urine specimens were also taken from each dog 
every few weeks and examined microscopically” 
and tested for occult blood (Hematest tablets). 


* These analyses were performed under the direction of 
Dr. W. H. Hill. The results are being readied for publica- 
tion, 
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Phenolsulfonphthalein (PSP) excretion tests“ 
were performed on the rats sacrificed at the two- 
week intervals. 

The ability of the dogs to excrete bromsulfa- 
lein (BSP)” was determined at 2 to 4 week in- 
tervals. Blood samples drawn at the same time 
were analyzed for uric acid,” urea nitrogen,” non- 
protein nitrogen,* amino acid nitrogen,” creati- 
nine,” bilirubin, i blood sugar” and inorganic 
phosphate.” The prothrombin time” was also de- 
termined, the thymol turbidity and thymol floc- 
culation” tests were performed and the serum 
alkaline phosphatase was measured” 

Portions of the livers, taken from the rats 
which were sacrificed at the two-week intervals, 
were analyzed for their givecogen content.” 

At the time of sacrifice, the weights of various 
body organs of the animals were recorded. 


Experimental Results 


All references to concentrations mean “nomi- 
nal concentrations,” based upon calculations 
from the stated cylinder concentrations. Some 
analyses of the chamber air were undertaken 
under the supervision of Dr. W. H. Hill and will 
be incorporated in a subsequent publication. 


A.) 


Table I presents the cumulative mortality en- 
countered in the pilot study conducted at 1.0 
p.p.m. We are at a loss to explain the marked 
mortality observed on the 12t® day of exposure. 
Of interest is the fact that the three rats which 
survived the 12 day also survived the following 
eight exposures. 

During the exposure period, the rabbits showed 
signs of varying amounts of eye irritation as 
evidenced by partially closed eyes rimmed with 
a light yellow discharge. This developed during 
the first week and moderate improvement was 
noted upon removal from the chamber. The eyes 


Subacute exposures ( 1.0 p.p.m.): 


TABLE | 
Cumulative Mortality of Various Animals 
Exposed to 1.0 p.p.m. of Pentaborane 


Species — 


3 


Day of Exposure* 


Rat 0/1: 
Mouse 1 
Rabbit 6 
Guinea Pig 0/2 


| 


* Animals found dead in he morning are eaent in ‘the 


figure for the preceding day. 
20 days. 
t One animal moribund. Sacrificed. 


Survivors sacrificed at the end of 


x | 13 | 20 

P | 0/12 | 0/12 | 0/12 | 9/12 | 9/12 | 9/12 

| 2/11 | 4/11 | 8/11 | 9/11 | 

| 1/6 | 6/6 | — — 

2 | 0/2 | 2/2 —|- - 


II 


February, 1953 


Sacrificed. 16 exposures completed. 
Evidence middle ear infection. 


* Each exposed group 


§ animals initially. 


Each control group—2 animals initially. 


be 

Animal Roster for Chronic Pentaborane Inhalation Study wai 

Deaths (Days of Exposure Completed)* |_ No. ce 

Total No. | __ ___| Surviving 0 
Species (Initially) | | | | After 6 sur 
49 | 52| 68 | 73|75| 76 77 79 | 112| 114) 115] 124] Months 

| gre 

fec 

sar 

Monkey 2 | | 0 die 

Dog 4 | | | s 3 de: 

Rabbit 12 D 8 8 cal 

Rat 30 D | DD | | D | 24 

Hamster 20 | } ls | Cc; c 17 

| | | | me 

Control Animals be 

| fic 

Monkey 1 | | 0 we 

Dog 3 | | | | th 
Rabbit 6 | | | | | 6 
Hamster 15 i) | § | | | | | | Cc 12 

* Each symbol represents one animal. of 

D Died. in 

S Sacrificed. 

C Cannibalized by other animals. : 

hi 

of the rabbits cleared as the experiment pro- oped a thick, yellow nasal discharge, were af- r 
gressed. flicted first. Somewhat later, the rats developed f 
Both the guinea pigs and rats showed signs of a similar condition but the discharges varied from 2 
nasal irritation. The guinea pigs, which devel- a clear liquid to a red, blood-like one. . 
Midway through the second week, the rats} ™ 
bee: iceably less active. The rabbits suf- { * 
TaBLE III ecame noticeably less active. e rabbits sul- di 

Serially Sacrificed Rats. Disposition of Animals fered ibe-scherr reduction “90 their te of loco- 
Which Did Not Survive Blamed motion, the hind limbs being more impaired than 
of Exposures the forelegs. When placed on a level, open area, } * 
— the rabbits slowly described awkward circles, * 
pivoting about their hindquarters. 
Z All of the animals suffered weight losses. The ( 

: rats lost about 5% of their initial weight, the 

Inter- | ual |Z | Con rabbits around 12% and the guinea pigs suffered F 
Pa IN ee = | trol a 23% weight loss. These figures approximate ( 
Days} 5 the average weight loss for each species during ‘ 
the first two weeks. The rats regained much of 

: io : their weight loss over the weekends when no ex- } 

be posures were made. 

8 40| 0 | 0 

10 | 50| 1 | 0 | Died. 49 exposures completed. B.) Chronic exposures (0.2 p.p.m.): : 

12 60; 0 | 0 ( 

“ae The preceding results indicated the need fora | , 
pleted. Control. Died. Signs lower figure at which to conduct the chronic | , 

16 | 80/ 1 | 1+ | Genitourinary infection. study. A level of 0.2 p.p.m. was selected. Tables | , 

18 | 90) 2 | I+ | Exposed. Died. 79 and 80 exposures JT and III summarize the animals which were 
completed. Control died during 
dts Watered employed by number and species. These tables 

20 | 100} 0 | 0 also show the number of survivors and indicate | 

22 | 110) 1 | 0 | Died. 79 exposures completed. the disposition of the others. Comparable data | , 

24 | 120] 1 | 


for the control groups are shown in the same 
tables. 

A few general remarks, which have a bearing 
on the interpretation of Tables II and III, should 
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be made. Of the 12 exposed rats which died, one 
was sacrificed (24 week group) leaving 11 which 
actually died. Eight of these latter (about 73%) 
occurred during the 73rd to 80th days of expo- 
sure. Among the control rats, one (16 week 
group) showed evidence of a genito-urinary in- 
fection, leaving five unexplained deaths. Over the 
same interval as above, three of these (60%) 
died. The incidence of a major percentage of the 
deaths for both groups during this period of ten 
calendar days suggests that the deaths of these 
exposed animals were not related to the treat- 
ment. Further evidence to support this view will 
be cited later. 

During the study, three hamsters were sacri- 
ficed for various reasons. The remaining three 
were cannibalized by their cage-mates. Little of 
them was recovered. 

1. Observed Symptoms: 

a. Monkeys: The symptoms of the monkeys 
may be summarized as follows: progressive loss 
of appetite with occasional vomiting, apathy, and 
insensitiveness to pain bordering on stupor. 
These were accompanied by a progressive loss of 
hind limb mobility, muscle tremors and a pro- 
gressive impairment of co-ordinated movements, 
ie., hand-to-mouth feeding motions. This latter 
condition apparently resulted from a loss of use 
of the forelimbs. The symptoms increased in se- 
verity with continuing exposure. Slight remis- 
sion of the severity of the symptoms was noted 
during the intervals between exposures. 

b. Dogs: The dogs developed somewhat similar 
symptoms except that they were slower in onset 
and generally were not as severe. They showed 
varying degrees of disinterest in their food and 
water. This was reflected in their body weights 
(vide infra). 

Initially the dogs showed watery eye and nasal 
discharges, but these ceased after a few days. 
One dog developed an edematous swelling about 
the eyes and muzzle. This swelling subsided af- 
ter a few days. In general, the dogs showed pro- 
gressive emaciation, intermittent muscle tremors, 
stiff and awkward movements of the hind legs 
and occasional signs of impaired muscular co- 
ordination. They also experienced transient pe- 
riods in which they appeared to be sluggish and 
cowed. While some recovery from the effects of 
the exposures was noted over the weekends, it 
was again incomplete. 

c. Rabbits: Most of the rabbits showed slight 
eye and nasal discharges following the first few 
exposures. These cleared up but reappeared 
again a few weeks later. Their food and water 
intake was noticeably decreased. Early in the 
third month of exposure, the rabbits developed 
a scrawny look. Their fur became noticeably 
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stiff, coarse in texture and soiled. When handled, 
they reacted with quick, jerky, kicking and claw- 
ing motions. Over the weekends, the general con- 
dition of the animals improved. 

d. Rats: A few animals showed slight red- 
colored discharges from the nares. They soon 
became less active and progressively more docile 
and lethargic. They remained quiet when un- 
disturbed but a few became vicious. The hair of 
the exposed animals became soiled and they 
showed little interest in cleaning themselves. 

After two months, a slight improvement in 
their general condition was observed. Only one 
additional change was noted. About 3’ months 
after the exposures started, some of the rats 
showed a weight loss and red-brown discharges 
from the eyes and nares. It was at this time that 
a large proportion of deaths, previously noted, 
occurred. The following evidence is cited to sup- 
port the belief that these symptoms and the 
deaths encountered at this time were not re- 
lated to the exposure to the pentaborane. 

i. The symptoms appeared and the deaths be- 
gan shortly after the arrival of a new ship- 
ment of rats, some of which were found dead 
within 48 hours after arrival. 

ii. Both control and exposed rats were similarly 
affected. 

ii. Multiple deaths occurred in certain cages 
while rats in other cages were not affected. 

iv. At autopsy, a yellow “membrane” was found 
to be covering the lungs and heart in several 
of the animals. This membrane, which could 
be removed almost intact, suggests a bac- 
terial infection. 

e. Hamsters: Except for a few brief intervals 
during which they appeared lethargic, no par- 
ticular symptoms were observed among the ex- 
posed hamsters. Their behavior paralleled that 
of the control group quite closely. 

2. Weight Changes: 

The monkeys died or were sacrificed before any 
marked weight changes occurred. Figure 1 is a 
graphic presentation of the weight changes of 
the dogs. Two of the dogs did not begin their 
exposures until after the monkeys had completed 
theirs. However, the abcissa of the figure has been 
adjusted so that the start of the exposures for 
all dogs coincide. 

The two control dogs (4 and 6) continued to 
gain weight throughout the experimental period. 
The latter animal, which happened to be a 
younger dog, showed a marked increase in weight. 
All of the exposed dogs showed a weight Joss 
over this period. 

The control rabbits also showed a weight in- 
crease, while the exposed animals failed to do so 
as shown in Figure 2. 
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WEIGHT CHANGES OF DOGS. CHRONIC PENTABORANE STUDY. 
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FIGURE 3 
WEIGHT CHANGES OF RATS. CHRONIC PENTABORANE STUDY 


Ficure 3 


Similar data for the rats are shown in Figure 3. 
About the middle of the study, the exposed 
groups began to lag behind the controls in weight. 
This was coincident with the period in which 
the greatest number of deaths occurred. The fact 
that the number of animals in the post-exposure 


period had been reduced by sacrifice should be 
borne in mind when viewing the apparent weight 
recovery of the exposed group in the post-expo- 
sure period. 

No marked differences were observed in the 
hamster weights for each of the two groups (Fig- 
ure 4). The hamster weights are not too reliable, 
however, since these animals have a tendency to 
store food pellets in the pouches of their mouths. 
Attempts to extricate these before weighing the 
animals were soon abandoned. 

3. Hematology: 

In evaluating the data, the values were as- 
sembled into four groups: pre-exposure exposed, 
exposed, pre-exposure controls and controls. In 
some instances because of the small numbers 
involved, the comparisons were made directly be- 
tween the exposed and control groups. The means 
for each group of values were then tested by 
means of the Fisher “t” test™* as to the prob- 
ability that they came from different popula- 
tions. Unless other factors had to be considered 
in assessing the results, probabilities less than 
0.05 were considered indicative of significant 
changes. 

In the dogs, no hematological changes of note 
were found. Except for the hematocrit, no he- 
matological changes were observed in the rats. 
With respect to the hematocrit, the exposed 
group showed a rise over the other three groups. 
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the probability being less than 0.01 in each in- 
stance. The values for the hematocrits are pre- 
sented in Table IV. 

4. Blood Analyses: 

Blood samples, taken from the dogs, failed to 
show any abnormal variations in any of the con- 
stituents for which analyses were performed. The 
prothrombin time remained at 100% in all dogs 
at all times. Of the total number of determina- 
tions performed, only once did an exposed dog 
show a 1+ reading on the thymol flocculation 
test. The alkaline phosphatase value was ele- 
vated in three instances, but one of these oc- 
curred in a control dog. 

Table V summarizes the bromsulfalein (BSP) 
excretion studies. The dye remaining in the blood 
was determined at both 20 and 45 minutes after 
injection of the BSP. Values in excess of 10% 
and 5% at 20 and 45 minutes, respectively, were 
taken as an indication of an impaired ability to 
excrete the dye. Employing these criteria, it can 
be seen that the frequency of increased dye re- 
tention is greater in the exposed group. In gen- 
eral, when the level of the dye in the blood was 
elevated at 20 minutes, it was also found to be 
elevated at 45 minutes. No marked retention 
was observed, only three of the values being in 
excess of 20%. Nor was any persistent retention 


d be § detected, in that the values would stay elevated 
eight § for a few weeks and then return to normal. Dog 
xpo- } 3, the first one to be sacrificed, never did show 
an impaired excretory capacity, and the final 
1 the | tests performed just before sacrifice of the ani- 
(Fig- | mals revealed that the excretory ability of two 
able, } of the three exposed dogs was within normal 
cy to | limits. 
uiths. Additional blood samples were taken from the 
g the } dogs at the times when they were catheterized if 
the urine samples so obtained were of sufficient 
quantity. In these instances, both the blood and 
e as- | urine samples were analyzed for their amino acid 
osed, ] and creatinine content. No differences could be 
ls. In } detected between the exposed and control groups 
nbers | of dogs. 
ly be- 5. Urinalyses: 
neans No significantly elevated phenolsulfonphtha- 
2d by | lein retention was detected in the exposed rats. 
prob- | Analysis of the dog urines similarly failed to re- 
ypula- veal any signs of kidney impairment. On micro- 
dered scopic examination, however, it was felt that the 
_than exposed dogs tended to show a slightly greater 
ificant frequency of epithelial cells and slight to trace 
f note | mounts of albumin and blood. These are im- 
10 he- | Pressions, more so than quantitative assessments. 
» roe 8° correlation could be observed between these 
cposed findings, the pH, the specific gravity, or the 
roups, | “mount of solids excreted in the urine. The latter 
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TaBLeE IV 
Hematocrit Values of Rats Exposed to 0.2 p.p.m. 
of Pentaborane for 26 Weeks 


Mean 
No. of 3 
. Hemato- | Standard 
Group Obser- 
vations Deviation 
€ 
Exposed 115 56.7 9.34 
Pre-exposure exposed 36 52.5 4.11 
Pre-exposure control 19 51.4 4.07 
Control 55 53.3 5.11 
TABLE V 


Bromsulfalein Retention in Dogs Exposed 
to Pentaborane 


| BSP BSP 
| Retention Retention | 
at 20 min. | Fraction at 45 Min. | Beetion 
| Retaining 
Be | Over 10% és Over 5% 
low low \Over | 
10% 5% | | 
} 
Exposed 13 | 11 | 11/24 8 | 17 | 17/25 
Control* 3/21 15 | 4 4/19 


* Includes pre-exposure values for the exposed group. 


value was calculated from the specific gravity 
and the volume of the urine.” 

6. Liver glycogen content and organ body 
weights: 

The mean glycogen values for the control and 
exposed rat livers were 2.1% and 1.8% respec- 
tively. Both of these sets of values were com- 
parable, numerically and in range, to those re- 
ported by Reynolds.” 

The weights of various body organs of the 
animals were determined at the time of sacrifice. 
No significant deviations were noted. 

7. Pathology: 

With the exception of the rats which died dur- 
ing the interval of the 73'4 to 80t exposures 
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(vide supra), no common or consistent symp- 
toms were noted on the animals examined at au- 
topsy. The histologic sections were viewed by 
Donald L. Creed, M.D. He summarized his ob- 
servations as follows: 

“There does not appear to be any diagnostic 
feature in the tissues of the animals treated with 
pentaborane in this series, except for the possi- 
ble increase in extramedullary hematopoiesis in 
the spleen in these animals and the slightly in- 
creased incidence of interstitial pneumonitis. The 
vacuolization of the (white matter seen in the) 
brain cannot be evaluated but it seemed that it 
is not necessarily a feature of pentaborane.” 

“Except for the several exposed animals show- 
ing testicular atrophy,* the exposed animals 
show no characteristic morphologic change. 
There is a great possibility that the testicular 
atrophy is merely coincidental.” 

We are inclined to concur that this finding 
was a non-specific effect, unrelated to the expo- 
sure to the pentaborane. The etiology of the 
condition is not known. 


Comment 


Despite the number and variety of clinical 
tests performed upon the animals during this 
study, not one of these tests was found to be of 
value in detecting chronic intoxication with 
pentaborane. The exposed rats did show an ele- 
vated hematocrit and the dogs did reveal a 
slightly impaired ability to excrete bromsulfalein. 
However, neither of these two tests was suffi- 
ciently abnormal to serve as the basis for mak- 
ing a diagnosis. 

The weight changes which all of the exposed 
animals, except the hamsters, showed are prob- 
ably a reflection of the reduced food intake. It 
is likely that, if paired inanition controls had 
been used, the controls would have shown simi- 
lar weight losses. Nonetheless, the failure of the 
exposed animals to eat is a symptom, albeit a 
non-specific one. This anorexia, coupled with the 
apathy, docility and similar minor symptoms 
may well be the early warning signs of chronic 
pentaborane toxicity. Such vague signs might 
well occur among industrial workers resulting in 
a general malaise of unsuspected etiology. Since 
the conventional clinical tests would not show 
any signs of injury, there would be little tendency 
to relate these indefinite changes to occupational 


*In the final group of animal sections viewed, 2/17 
hamsters and 1/15 rats showed testicular atrophy, Minimal 
or no spermatogenesis was reported in 3/17 hamsters and 


1/15 rats. All of these observations were made on exposed 


animals. No such conditions were noted in the control 


animals. 
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exposure. Consequently, it may be a futile quest 
to seek a biochemical analysis or hematological 
study which would serve as an index of incipient 
chronic pentaborane intoxication. 

The close supervision by a qualified clinician, 
of personnel liable to be exposed, would be prefer- 
able. This physician should be aware of the 
symptoms observed in animals and be thoroughly 
familiar with the personal health histories of the 
individual workers. Relying on his knowledge of 
the health histories of the employees, he would 
then be in a position to decide, on the basis of the 
nature and frequency of the minor complaints 
received, whether or not conditions injurious to 
health were being encountered. Such an ap- 
proach, which places reliance on the subjective 
judgement of an individual, is subject to human 
errors. However, the absence of objective meas- 
urements necessitates 


Summary 


A subacute and chronic inhalation study were 
conducted with pentaborane. The former, at 10 
p.p.m. resulted in the death of several animals 
within four weeks (20 exposures). 

The chronic study was conducted at 0.2 p.p.m. 
of pentaborane for approximately six months. 
During this period, the animals showed a loss of 
appetite, weight loss, apathy, docility, decreased 
physical activity and muscle tremors. Less fre- 
quently observed were an insensitivity to pain, 
impaired mobility of the limbs and signs of eye 
and nasal irritation. 

The exposed rats showed an elevated hemato- 
crit. The exposed dogs showed signs of liver dam- 
age as measured by the bromsulfalein test. While 
no marked impairment of excretory ability was 
detected, the exposed dogs frequently showed 
blood levels of the dye in excess of 10% and 5% 
for 20 and 45 minutes respectively. All of the 
other tests gave values within normal limits. 

It is suggested that, where the possibility of 
prolonged and repeated exposure to this chemi- 
cal exists, adequate ventilation be provided to 
keep the concentration of pentaborane below 02 
p.p.m. 


We wish to express our appreciation to Mr. 
Everett Cauthen for his assistance and attention 
to many details connected with the handling of 
the animals and to Mr. John E. Thomas who 
prepared the histological sections. 


t The above concept has been gradually evolved through 
discussions with several members of this department whose 
collective contributions are acknowledged anonymously. It 
is in substantial agreement with the views of Foulger.* 
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Colorimetric Determination of Siliceous 


Atmospheric Contaminants 


N. A. TALVITIE and FRANCES HYSLOP 


Occupational Health Program, Bureau of State Services, Public Health Service, U.S. 
Department of Health, Education, and Welfare, 1014 Broadway,.Cincinnati 2, Ohio 


Particulate silica and silicates are col- 
lected on membrane filters, dissolved in 
hydrofluoric acid, and determined colori- 
metrically as yellow silicomolybdate or as 
molybdenum blue after reduction with 
1-amino-2-naphthol-4-sulfonic acid. The 
dual sensitivity obtained by the use of the 
two colors permits accurate analyses in the 
relatively large range of 1 microgram to 
2.5 milligrams without the necessity of tak- 
ing an aliquot. The small air volumes re- | 
quired are easily sampled with hand-op- 
erated equipment. 


HRESHOLD Limit Values’ which reflect the 

toxicity of pneumoconiosis-producing, at- 
mospheric dusts are expressed in terms of num- 
ber of particles per unit volume of air. Although 
particle counts often define dust concentrations 
adequately for routine control purposes, the 
greater precision obtainable with mass-concen- 
tration determinations is desirable in comparative 
toxicity studies of dusts. 

Few suitable methods for the determination of 
air-borne dust on a weight basis are available. 
Electrostatic precipitation provides effective sep- 
aration of dust, but rather large volumes of air 
must be sampled to collect weighable amounts 
of dust and the apparatus is unsuitable for ex- 
plosive atmospheres. For dusts containing free 
or combined silica these disadvantages may be 
overcome by sampling with the highly efficient 
membrane filter material’ and determining silica 
colorimetrically by the silicomolybdate reaction. 
An extensive bibliography on modifications of 
the silicomolybdate method and an application 
to mineral dusts are presented by King et al. 
Another recent procedure in which the silico- 
molybdate reaction has been used for the deter- 
mination of silica in mineral dusts is that of 
Stegemann and Fitzek.’ 

Fusion with sodium carbonate has been the 
customary means of obtaining silica in a soluble 
form for reaction with molybdie acid, but in the 


present application digestion of the dust with 
hydrofluoric acid was preferred because of the 
simplicity gained through the elimination of ash- 
ing and fusion and because of the value of the 
hydrofluoric acid in maintaining the reactivity 
of the silica.” When hydrofluoric acid was used, 
the influence of temperature on the rate of de- 
velopment of the silicomolybdate color was 
greater than expected from consideration of 
other reports. In contrast to the extreme vari- 
ability at room temperature, highly reproducible 
results were obtained when the color was devel- 
oped at a slightly elevated temperature. 

The sensitivity of the method could be in- 
creased twenty-fold by reducing the yellow sili- 
comolybdate to the more highly colored molyb- 
denum blue. By using either color it was found 
that a very large range of silica concentrations 
could be determined, eliminating the need for 
taking an aliquot of the sample. The reduction 
was accomplished with the aminonaphtholsul- 
fonic acid reagent of Fiske and Subbarow’ pre- 
pared according to Bunting§ 


Apparatus and Reagents 


A Beckman Model DU spectrophotometer 
with a test tube adapter was used for transmit- 
tancy measurements. The cells used were 22-mm. 
Kimble brand test tubes matched optically within 
0.5%* and having an effective light path of 20.0 
mm. 

The membrane filter material used for collect- 
ing dust from the air and for filtration of dust 
suspensions was obtained from the Millipore Fil- 
ter Corp. 

Reactions were carried out in 125-ml. poly- 
ethylene beakers. Polyethylene bottles were used 
for storage of distilled water, boric acid solu- 
tion and standard silica solutions. Borosilicate 
glass bottles were found satisfactory for the other 
reagents. The standard silica solutions were 
measured with a 25-ml. Bakelite burette. Hy- 
drofluoric acid was measured with a polyethylene 
pipette equipped with a medicine dropper bulb 
and calibrated to deliver 0.5 ml. Plastie stirring 
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rods and thin polyethylene sheet were also re- 
quired. 

The volumes of reagents specified are adequate 
for SO determinations. 

DistTILLED WATER. Water of adequate purity 
was obtained from the usual all-metal laboratory 
still by operating at reduced power (110 volts 
applied to 220 volt connections). Two liters of 
water were required in addition to that con- 
sumed by the reagents. 

Boric Acip Souution, 5%. 200 grams of boric 
acid crystals were dissolved in 4 liters of warm 
water. 

MOo.LyBpDATE REAGENT. 50 grams of ammonium 
molybdate tetrahydrate were dissolved in about 
400 ml. of water, then acidified with 40 ml. of 
concentrated sulfuric acid, and, when cool, di- 
luted to 500 ml. 

Sutruric Acip, 10N. 555 ml. of concentrated 
sulfuric acid were added cautiously to 1.5 liters 
of water and diluted to 2 liters when cool. 

RepucinGc Soiution. (A) 9 grams of sodium 
bisulfite were dissolved in 80 ml. of water. (B) 
0.7 gram of anhydrous sodium sulfite and 0.15 
gram of 1-amino-2-naphthol-4-sulfonic acid were 
dissolved in this order in 10 ml. of water. Solu- 
tions A and B were combined and made up to 
100 ml. 

STANDARD 1 ml. Contains 
0.5 mg. Smiica. 250 mg. of finely ground, acid- 
washed quartz were dissolved in 10 ml. of 48% 
hydrofluoric acid and diluted to 500 ml. A cor- 
rection was required for the amount of silica 
in the hydrofluoric acid. Potassium fluosilicate is 
also a convenient standard. 


Recommended Procedure 


Place the filter disc flat in the bottom of a 
150 ml. polyethylene beaker and add 0.5 ml. of 
48% hydrofluoric acid with a calibrated poly- 
ethylene pipette controlled with a medicine- 
dropper bulb. Prevent evaporation of the hydro- 
fluorie acid by floating a thin polyethylene disc 
sightly larger than the filter upon the acid 
and allow to stand for 30 minutes to dissolve the 
siliceous components. 

Without removing filter or polyethylene disc, 
add 25 ml. of water and 50 ml. of 5% boric acid 
solution. Stir with a plastic rod and place the 
beaker in a shallow tray of water controlled at 
40 to 50°C. Let stand for 10 minutes or longer, 
by which time the excess hydrofluoric acid will 
have been inactivated by the boric acid and the 
solution temperature will have risen to 35 or 
40°C, 

Add 4 ml. of ammonium molybdate reagent 
while stirring and let stand 20 minutes at 35 to 


bd 
TABLE I 
Condensed Procedure for Determination of 
Particulate Silica 
Reac 
Vol- 
| tion Tempera- 
ML } Reagent time, ture, °C 
Min. 
0.5 | 48% Hydrofluorie Acid 30 25 
25.0 | Water 
50.0 | 5% Borie Acid 10 25 
4.0 | 10% Acidic Ammonium Molybdate* | 20 35 to 40 


20.0 | 10 N Sulfuric Acid* 2to5)| 25 
Read Color at 420 Millimicrons or Continue 
1.0 | Aminonaphtholsulfonic reagent* 20 25 


Read Color at 820 Millimicrons 


* Stir while adding. 


40°C for development of the yellow silicomolyb- 
date color. 

Remove the beaker from the water bath and 
destroy phosphomolybdate by adding 20 ml. of 
10N sulfuric acid rapidly while stirring. If a 
pronounced yellow color remains, pour into a 
photometer cell and read immediately at 420 
millimicrons. If the yellow color is barely per- 
ceptible, add 1 ml. of reducing solution 2 to 5 
minutes after addition of the sulfuric acid and 
stir. After 20 minutes read the blue color at 820 
millimicrons. 

Because each step is time-dependent, the pro- 
cedure is given in condensed form in Table I. 

StanDaRD Curves. The yellow silicomolyb- 
date color follows Beer’s law to 2.5 mg./99.5 ml. 
while the molybdenum blue color is limited to 
140 yg of silica/100.5 ml. In either case appro- 
priate volumes of standard silica solutions are 
made up to 25 ml with distilled water and after 
the addition of 0.5 ml. of 48% hydrofluoric acid 
and 50 ml. of boric acid solution are processed in 
the same way as specified for samples. 

Figure 1 illustrates the standard curves. Beer’s 
law does not hold for concentrations higher than 
those shown because of limitations imposed by 
the concentrations of the reagents used. 


Experimental 


The reported experimental data represent re- 
sults of confirming tests of the finally adopted 
procedure. 

Figure 2 compares the standard curves ob- 
tained with and without hydrofluoric acid. The 
fact that the slopes of both lines are the same 
shows that 0.5 ml. of hydrofluoric acid has no ef- 
feet upon the color. The points are seen to fall 
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Figure 1. Calibration curves for the colorimetric determination of silica as silicomolybdate 


or as molybdenum blue. 


Figure 2. Comparison of standard curves in the absence and presence of 0.5 ml. of hydro- 


fluorie acid. 


TaBLe II 
Dissolution of Quartz on Membrane Filters 


Mg. Silica 


Time of 
Size of Quartz, Microns| Contact 
HF, Min. Added Found 
Less than 3 15 1.07 
30 1.125 1.08 
60 1.08 
§ to 10 15 1.46 
30 1.500 1.51 
60 1.48 


TABLE III 
Time of Reaction of Borie Acid with 
Hydrofluoric Acid 


Time, | Transmit- 

Min. tance % 
125 micrograms of silica. Color reduced 0.4 9.8 
to molybdenum blue and read at 820 1.8 9.7 
my 3.2 9.4 
5.6 9.4 
10.0 9.3 
18.4 9.3 


precisely on straight lines. The high precision of 
the method permits accurate corrections for 
blank silica values such as are apparent in Fig- 
ure 2. 

Table II shows excellent recovery of silica when 
known amounts of quartz dust on membrane fil- 
ters were dissolved with hydrofluoric acid. The 
apparent loss in the less-than-3 micron samples 
was caused by the lack of retention of some of the 
finer particles in the aqueous suspension due to 
the use of the aerosol rather than the hydrosol 
type filter. 

The inactivation of the excess hydrofluoric acid 
by boric acid is not instantaneous but is shown 
to be complete at the end of 10 minutes by the 
results in Table ITI. 

In the absence of hydrofluoric acid the reac- 
tion between silica and molybdate appeared to 
develop maximal color without regard to tem- 
perature within the normal range. In the pres- 
ence of hydrofluoric acid in spite of the complex- 
ing effect of the boric acid, the temperature 
effect was extreme as shown in Table IV and 
warming of the sample solution to at least 35°C 
was necessary to assure full color development. A 
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TABLE IV 
Effect of Temperature on Reaction of Silica 
with Molybdate 


Tempera- Transmit 

ture, °C tance % 
10 minute reaction of 125 micro- 18 64.7 
grams of silica with molybdate. 19 62.4 
Color reduced and read at 820 my. 28 18.1 
28 15.3 
37 9.7 
37 9.7 


temperature much higher than 40°C was avoided 
to prevent undue evaporation. 

The pH of the reaction mixture has an effect on 
the maximal silicomolybdate color produced. 
Carlson” has established that a pH range of 1.2 
to 1.3 is optimum. In the present method the pH 
during the development of the silicomolybdate 
color is 1.3 when an essentially neutral sample is 
analyzed. 

Phosphate interference is prevented by de- 
stroying the yellow phosphomolybdate by in- 
creasing the acidity with sulfuric acid. Tartaric 
acid as well as other organic acids have been pro- 
posed for this purpose but sulfuric acid gave more 
uniform results. The silicomolybdate color is not 
affected greatly and no significant error is in- 
volved if the silicomolybdate color is read 
promptly or reduced within 5 minutes to mo- 
lybdenum blue. Table V shows that reduction 2 
to 5 minutes after addition of sulfuric acid is 
appropriate. 

After the initial 20 minutes required for maxi- 
mal reduction there is no further change in the 
molybdenum blue color for an extended period 
of time and readings may be delayed for a day 
if necessary. 


Results 


INTERFERENCES. The two most likely interfer- 
ing elements were phosphorus and iron. Phospho- 
rus would tend to cause high results by the forma- 
tion of phosphomolybdate and iron would tend 
to cause low results by consuming the reducing 
agent. That the method can tolerate 1 mg. of each 
of these substances is shown in Table VI. Because 
this amount represents the maximum which 
would be expected to be present in a filter 
sample, the interference by iron or phosphorus 
individually or in combination is negligible. 

Fitter Bianks. The amount of silica normally 
present in membrane filter material and filter 
paper was of concern. Circles 14 inch in diam- 
eter were cut from a roll of membrane filter ma- 
terial and from large circles of Whatman No. 42 
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TABLE V 
Time of Reaction with 10N Sulfuric Acid 
Reaction Transmit- 
Time, Min. tance, % 
125 micrograms of silica. Color re- 0.5 9.2 
duced and read at 820 my. 2.0 9.8 
3.5 9.8 
6.0 9.9 
10.5 10.5 
19.0 12.4 
TABLE VI 


Non-Interference of Ferric and Phosphate Ions 
with Development of Color 


Solution Tested 


| ‘Transmit- 
tance, % | 


Blank 


7.9 | Silicomo- 
1 mg. Fe 7.7 lybdate at 
1 mg. P 98.2 420 my. 
1 mg. Silica 40.0 | Silicomo- 
1 mg. Silica + 1 mg. Fe 39.0 lybdate at 
1 mg. Silica + 1 mg. P 38.8 420 my. 
1 mg. Silica + 1 mg. Fe + 1 mg. P 38.9 
Blank 74.6 | Molybde- 
1 mg. Fe 75.5 num blue 
1 mg. P 75.4 at 820 my. 
100 ug. Silica 15.9 | Molybde- 
100 wg. Silica + 1 mg. Fe 17.2) num blue 
100 wg. Silica + 1 mg. P 15.0} at 820 my. 


100 wg. Silica + 1 mg. Fe + 1 mg. P 16.2 | 


TaBLe VII 
Variation of Silica Blank of Membrane Filters 
and Filter Paper 


Difference from Average Value in Micrograms 


Filters from Same Area 


Unselected Filters of Sheet 


Membrane 


Membrane Filter Filter Paper = 
Filter 


Filter Paper 


| 
© 


+4.7 —2.0 +2.0 

+0.1 —5.1 +1.2 —0.2 

—2.7 —4.3 —0.3 +1.1 

—2.7 —4.9 —0.8 —0.6 

+1.3 +6.3 —0.4 —1.2 

+9.7 +3.5 2.0 —1.4 

Ave. Diff. 3.7 4.8 1.1 1.1 


filter paper and analyzed for silica content. Table 
VII compares the results obtained on filters cut 
from widely separated areas of the material with 
those cut from a selected small area. While the 


| 
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blank variation is not excessive in the unselected 
filters, it is recommended, when possible, to cut 
the filters in groups of six, the middle circle to 
be reserved for a blank and the five surrounding 
circles to be used for collection of samples. 


Applications 


The method was specifically designed for analy- 
sis of total silica content of dust and fumes col- 
lected directly from the atmosphere on mem- 
brane filters but is also applicable to samples 
collected by thermal precipitation, electrostatic 
precipitation, by impaction on slides or by im- 
pingement samplers. Dust suspensions in liquids 
can be filtered through membrane filters or filter 
paper and analyzed either directly or after ash- 
ing. 
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Results from a Continuous Time- 


Distribution Noise Level Meter 


H. W. CROUCH 


Eastman Kodak Company, Rochester 4, N. Y. 


This paper will describe an instrument 
which indicates the time the noise level is 
above a series of five adjustable levels. The 
instrument reads peak level rather than 
RMS values. Data obtained with this in- 
strument from a number of operations 
such as punch presses, choppers and grind- 
ers will be presented. 


HE MEASUREMENT of noise level to de- 

termine noise exposure is often complicated 
by the variations in the noise level. Many indus- 
trial noises vary in level due to the activity, the 
number of people working, the type of operation. 
This is true even with noises that are thought of 
as constant level noises, and is particularly true 
with impact noises. 

In the usual procedure of measuring noise level 
one or a number of spot measurements are made 
and the average or some weighted average is 
taken to indicate the level. This procedure often 
does not give the proper weight to the loud and 
the relatively quiet periods. Impact noises often 
have peak levels 15 to 20 db higher than the con- 
stant noise. These peaks are of short or medium 
duration depending on the operation, and many 
meters do not correctly respond to these higher 
levels due to the time constant of the instru- 
ment. 

To get a better indication of the noise expo- 
sure, a meter has been built which measures the 
time that the noise level exceeds a series of given 
levels. The cumulated time above each set level 
is indicated on a counter. Thus, at the end of any 
test interval the actual time the noise was above 
each set noise level is indicated. The measuring 
period can be of any length from minutes to days. 

The time-distribution noise level meter con- 
sists of a microphone, an amplifier, a voltage di- 
vider circuit, and a series of counters. Either a 
dynamic microphone or condenser microphone 
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may be used. (See Photo A, and Block Diagram 
B.) 

The output from the microphone is fed to a 
calibrated amplifier which gives a definite volt- 
age drop across a tapped resistor for a fixed noise 
level input to the microphone. The tapped points 
are so adjusted that the same voltage appears 
at each succeeding point on the resistor as the 
noise level input is increased by an amount equal 
to the desired noise level measuring interval. 

These tapped points are each fed to a thyra- 
tron which is set to trigger at the calibrated 
voltage. The thyratron plate is fed with 60 ey- 
cle a.c. so it will extinguish on each negative half 
cycle of the a.c. If the grid voltage is still above 
the triggering voltage the next positive half cycle 
will be counted. 

The pulses from the thyratron, when it is 
triggered, are fed to a counting circuit so the 
counter adds the number of Moths of a second 
the noise level is above that set level. The pulses 
operate the first of three ten-step scaling tubes 
in cascade and the output from the third tube, 
which represents a thousand counts, registers on 
a mechanical counter. Thus, each count on the 
mechanical counter is equal to 16% seconds of 
noise at that level. 

The instrument has a clock to indicate the total 
time it was operating. It has five electronic count- 
ing units to indicate the length of time in Moths 
of a second that each set noise level has been 
exceeded. In the use of this instrument the noise 
level intervals have been set for 5 db steps. This 
gives a range of 25 db, (and in addition the time 
below this range). The input amplifier is ad- 
justable in 5 db steps so the range of the instru- 
ment can be set for any 25 db range desired. The 
levels covered are limited only by the microphone 
and amplifier. 

This instrument indicates peak level in con- 
trast to most noise level meters which read either 
RMS level or average level. The time constant 
is such that it has an equivalent speed of ap- 
proximately 1000 db per second. Since this in- 
strument reads peak levels, corrections have to 
be made to compare the levels with the readings 
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from other types of instruments. In the case of 
a pure sine wave input the timer will read 3 db 
higher than a standard RMS meter. ‘White 
Noise’ from a random noise generator will read 
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5 db higher. In the case of varying industrial 
noises, it has been found that the timer indicates 
5 to 8 db higher than the standard RMS meter, | 
depending on the variability of the noise and the 
portion of the time that impact noises raise the 
noise level above the constant level. 


Results from Sound Level Timer 


The results from the sound level timer have 
been rather surprising. The relation between the 
timer results and the standard meter readings 
has shown wide differences. 

Table I shows the results from a number of 
industrial studies. The figures were all obtained 
by differences. In a few of the results the per- 
centage of the time at the highest band measured 
is a fair part of the total time. Possibly part of 
this time should be in still higher bands. In each 
case this is in the fifth or highest band measured 
by the timer. It includes all the time the level 
was that high or higher. Likewise, the lowest band 
includes all of the time the level was that low or 
lower. 

The results have been plotted in the form of 
bar graphs which show the percent of the total 
time the noise was in each 5 db range, (Figures 
1 to 16). On each plot the normal sound level 
meter reading is also given. Plots *1 and <2 
are repeat 24-hour runs on the same area. Also, 
#3 and *4 are repeat 32-hour runs on a similar 
area. These results give some idea of the uni- 


TABLE I 


Sound Level Timer Results 


% Time at each level 


| Reading | Be- | 100- | 105- | 110- | 115- | 120- 
. (db) — 85-90 | 90-95 |95-100 105 110 115 120 125 
1 Punch Press Area A 24 94 6.4 | 32.0 | 32.4 | 19.6] 1.2 
2 Punch Press Area A 24 95 8.5 | 35.3 | 26.1 | 16.3 | 11.9 1.9 
3 Puneh Press Area B 32 97 4.2 1.8 | 4.0 | 24.7 | 48.2 | 17.1 
4 Punch Press Area B 32 97 1.0} 6.5 | 49.0 | 33.6] 5.9 
5 Punch Press at Ear Level (1) s 100 19.4 9.9 | 32.5 | 30.5 | 6.2 1.5 
6 Punch Press at Ear Level (2) 8 100 18.5 1.0 | 14.0 | 31.6 | 12 2.9 
7 Punch Press at Ear Level (3) 8 104 11.5 | 12.6 | 51.1 | 24.8 
§ Punch Press at Ear Level (3) 8 103 13.3 3.1 3.7 7.8 | 58.5 | 13.6 
9 Punch Press at Ear Level (3) 8 101 12.5 | 10.8 | 26.5 | 24.4 | 12.5 | 13.3 
10 Chopper 24 102 40.6 | 8.8 | 12.5 | 14.0] 19.3 | 4.8 
1] Vibrator 24 103 40.8 | 33.0 | 24.6 1.6; 0 0 
12 Chopper 8 113 58.8 | 2.2} 6.8} 12.3 | 14.9 
13 Ball Mill x 96 5.3 | 30.4 | 38.7 | 9.3 | 12.1] 4.2 
14 High Speed Hammer 8 108 7.0 -2 | 46.0 | 32.3 7.0 7.5 
15 Plastic Grinding 8 92 0 0 1.0 | 24.8 | 73.6 6 
16 Mixer 8 91 3.8 | 14.4 | 12.4 | 26.2 | 41.8 1.4 | 
17 Glass Grinding ~ 105 0 1.0 5.0 | 66.8 | 27.2 
Note: (1) 32 ton—25 strokes/min. 


(2) 45 ton 
(3) 30 ton 


25 strokes/min. 
25 strokes/min. 
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No.|! PUNCH PRESS AREA 


SOUND LEVEL METER -94 0B 


No.3 PUNCH PRESS AREA 


SOUND LEVEL METER—97 08 


No.5 PUNCH PRESS AT EAR LEVEL 
(32 TON—25 STROKES /MIN. ) 


SOUND LEVEL METER~100 0B 


Percent time 
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SOUND LEVEL METER—104 08 


No. 2 PUNCH PRESS AREA 


SOUND LEVEL METER-95 08 


No.4 PUNCH PRESS AREA 


SOUND LEVEL METER —97 08 
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SOUND LEVEL METER-1I00 08 


No.8 PUNCH PRESS AT EAR LEVEL 
(30 TON—25 STROKES/MIN.) 


SOUND LEVEL METER-1I03 08 


85 90 95 100 105 110 1S 120>125 65 90 95 100105 110 115 I20>I25 
90 95 100 105 110 15 120 125 90 95 100 105 110 IS 120 125 
DB range 
Figures 1-8 


formity of the noise in the area. The next five 
plots (*5-%9) are eight-hour tests at the ear 
level of various operators of punch presses. The 
next eight show the noise distribution in a num- 
ber of other types of operations. Some of these 
are attended by an operator at all times, others 
only occasionally. Plots to #14 represent 
what might be called a semi-constant noise 
source, and the last three plots represent a steady 
noise. Even when allowances are made for the 
fact that these are peak readings and the nor- 
mal sound level readings are RMS values, there 
seems to be little relation between the two re- 
sults. 

There are some definite differences in the vari- 
ous records. Most of the noises that would be 
classed as intermittent noises show a wider range 


of levels, and many of them indicate two definite 
noise levels. On the other hand, the continuous 
type of noises show a much smaller range of level 
with the noise largely in one or two 5 db bands. 

The instrument has been designed so that a 
multipen recorder can be connected to the out- 
put to indicate when the level is high. This will 
show whether the high levels were randomly dis- 
tributed or concentrated in short periods of the 
exposure. 

The instrument, including the microphone, was 
designed to give a flat frequency response. A 
connection is provided for the insertion of a ‘no 
loss’ filter so that any frequency band, such as 
the speech interference range, can be measured. 

In addition to the time—level distribution of 
the noise, it is important to know the levels in 
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No. 10 CHOPPER 


SOUND LEVEL METER-102 08 


No. 12 CHOPPER 


SOUND LEVEL METER 0B 
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Ficures 9-16 


the various octave bands. These must be obtained 
with a standard octave band frequency analyzer. 

In some cases a microphone was placed in the 
desired measuring location and connected to a 
calibrated tape recorder. After the day’s run, the 
tape record is fed to the timer and the time- 
level distribution obtained. A short piece of the 
tape is then cut out from each period of typi- 
cal noise and made into a loop. From this loop 
an octave band analysis can be made. This pro- 
cedure has two advantages; less equipment has 
to be moved to location, and both analyses can be 
made from one primary record. The tape also 
serves as an audible record of the noise to show 
changes in noise level resulting from machine 
modifications or enclosures. 


The determination of noise exposure from 
these records is still not a simple or obvious pro- 
cedure. If the energy to which the ear is exposed 
is the criterion, the additional information sup- 
plied by these records makes the determination 
much more realistic. However, it is not yet es 
tablished that this is the only controlling factor. 
These records do indicate the peak levels to 
which the ear is exposed and the time of expo- 
sure. This additional information is surely im- 
portant and should alone justify the use of the 
instrument. 

The writer is indebted to Mr. G. Stone and 
Mr. B. Burritt for the electronic development 
work on this instrument. 
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A Portable Multipurpose Air Sampler’ 


ROBERT E. EARHART, B.S. 


Goodyear Atomic Corporation, P.O. Box 628, Portsmouth, Ohio 


Introduction 


T GOODYEAR Atomic Corporation, one of 
the functions of the Industrial Hygiene De- 
partment is to sample and test air samples con- 
taining certain impurities to determine if these 
impurities exist in large enough proportions to 
be injurious to personnel. Some of the noxious 
materials which might be found in the air of this 
plant are uranium compounds, fluorine, hydrogen 
fluoride, ammonia, acid vapors, chlorine, and 
phosgene. The usual methods of absorbing these 
impurities from the air are the impinger bottle 
and the treated filter paper techniques. In either 
ease, the contaminants dissolve in or react with 
an appropriate medium and a subsequent analy- 
sis then reveals the extent of air contamination. 
Most of the commercially available devices work 
on either one principle or the other, and those 
applying the impinger bottle principle employ 
either regular or midget-size bottles. Some of the 
commercial devices are bulky and heavy and thus 
interfere with mobility. 

In order to provide a multipurpose unit which 
would meet the versatile requirements of the air 
contaminant analyses for a gaseous diffusion 
plant and which would at the same time be 
light and compact, the Industrial Hygiene De- 
partment modified commercial equipment as de- 
scribed below. 


Description of the Apparatus 


The device is built around the nucleus of a Gast 
“Oil-less” air pump, Model AD-440-3A. The 
basic unit with the following additions and modi- 
fications is shown in Fig. 1: (1) the addition of 
a toggle switch between a.c. and d.c. power con- 
nections , (2) a quarter-inch pipe-hose connec- 
tion rather than the “quick disconnect” filter 
paper holder which minimizes a possible source 
of air leakage, (3) addition of a 110-volt to 6- 
volt step-down transformer, (4) the provision of 
a reducer for rubber tubing, (5) the inclusion of 
a special sampling head containing activated 
pumice, used for removing interfering gases when 
determining phosgene, and (6) calibrated orifices 
for obtaining predetermined sampling rates. The 


*This work was performed under contract AT- (33-2) -1, 
United States Atomic Energy Commission. 
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components and accessories are housed in a com- 
pact birch box 16 by 12% by 9% inches as 
shown in Fig. 2. This results in convenience in 
transporting and storing. For use with a 6-volt 
d.c. source, separate battery and clip leads must 
be carried. 

The apparatus has been primarily designed for 
use with impinger flasks at a sampling rate of 
0.5 cfm. as measured by the built-in rotameter; 
however, by substituting a filter paper holder 
and an appropriate calibrated limiting orifice for 
the flask and the flexible hose, plain or selective 
impregnated filter papers may be inserted for 
evaluating a wide variety of air-borne contami- 
nants, at various sampling rates. Weight of the 
unit complete with accessories is approximately 
25 pounds not including battery; this is approxi- 
mately one-half the weight of similar commercial 
impinger instruments. 

The carbon vanes and grease-sealed bearings of 
the pump require no oil and the entire apparatus 
requires a minimum of maintenance. The vanes 
will last 10,000 to 20,000 operating hours or 
longer, the chief wearing part being’ the motor 
brushes which require replacement after 1,000 to 
2,000 hours of operation.’ 


Discussion 


Among those contaminants which have been 
most successfully sampled with the use of the 
standard impinger flasks, sampling at a rate of 
0.5 efm., are the following: 

a. Using 100 milliliters of distilled water as the 
sampling medium, and a sample size of one cubic 
meter of air, low concentrations of uranium com- 
pounds may be sampled with an accuracy of +2 
micrograms; above the maximum allowable con- 
centration for uranium of 50 micrograms per 
cubic meter® the accuracy of laboratory results 
is +10 micrograms. 

b. When 100 milliliters of 0.1 N sodium hy- 
droxide solution is added to a flask, fluoride 
(fluorine and/or hydrogen fluoride) samples may 
be taken with accuracies of +20 micrograms/ 
sample. This is in the order of 0.01 to 0.02 ppm. 
accuracy (assuming a sample of one cubic meter 
of air was taken). 

Midget impinger flasks may also be used with 
the unit by inserting a quarter-inch pipe-to- 
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Calibrated Special 


Sampling Head 


Orifice 
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1/4 Inch x 1/8 Inch Reducer 


Ficure 1. Components of Multipurpose Air Sampler 


Ficure 2. Multipurpose Air Sampler, Top View 


tubing connection into the sampling hose and 
using rubber tubing to the midget flask. Con- 
taminants successfully sampled in this manner 
include: 

a. Ammonia—a midget impinger is used at a 
sampling rate of 0.1 cfm. The sampling medium 
consists of one milliliter of 0.01 N sulfuric acid 
and 9 milliliters of distilled water together with a 
few drops of methyl red indicator. From the 
length of time required to change the color of the 
indicator from red to colorless, the concentration 
of ammonia vapor can be estimated.’ 

b. Acid vapors—the sampling rate and tech- 
nique are as outlined in (a) above; however, the 
sampling medium employed is 1 milliliter of 
0.01 N sodium hydroxide and 9 milliliters of dis- 
tilled water together with a few drops of methyl 
red indicator. From the length of time required 
to change the color of the indicator from brown to 
colorless, the concentration of acid vapor may be 
estimated. 

ce. Chlorine—air is drawn through 10 milliliters 
of 0.1% orthotolidine solution at a constant rate 
(0.02 cfm.) for a specific length of time. The 
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yellow color resulting is then compared with four 
standards plus a prepared curve and the chlorine 
concentration determined.’ 

When the filter paper holder is substituted for 
the impinger flask in the sampling hose, the fol- 
lowing examples are considered as representative 
of the types of air-borne contaminants which may 
be successfully evaluated. 

Those presently in use at Goodyear Atomic 
Corporation: 

a. Phosgene may be detected by drawing air 
through filter papers impregnated with p-di- 
methylaminobenzaldehyde and diphenylamine at 
0.1 efm. and comparison made to prepared stand- 
ards. A sampling time of 3.5 minutes would show 
whether the concentration is at or below the 
maximum allowable concentration (MAC) of 1 
ppm. The test papers are also sensitive to hydro- 
gen chloride and chlorine so that a guard tube 
containing pumice granules impregnated with so- 
dium thiosulfate and sodium iodide must be used. 
These remove the interfering gases, but allow 
any phosgene present to pass through and react 
with the test paper.® 

b. Fluoride samples (fluorine and/or hydrogen 
fluoride) may be taken by drawing air slowly 
(0.02 cfm.) through prepared zirconium azo- 
arsenate filter papers which have been moistened 
with 2 N hydrochloric acid solution. The resulting 
pink to red coloration may be compared to aver- 
age calibration curves. If coloration change has 
not occurred after two minutes of sampling the 
concentration will then be less than the MAC of 
3 ppm. for hydrogen fluoride.’ 

Additional suggested techniques which should 
prove equally successful but which are not pres- 
ently employed at the Goodyear Atomic Corpo- 
ration include the following: 

a. Arsine can be estimated by drawing air 
through a filter paper moistened with silver 
nitrate. The resulting stain can then be compared 
with standard calibrated stains in the range of 
0.03 to 0.06 ppm. 

b. The same principle is used for the determina- 
tion of hydrogen sulfide, by means of ammonium 
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molybdate and comparison of the yellow patch 
which results in the range 10 to 50 ppm. 

ce. For sulfur dioxide determination a filter 
paper may be saturated with potassium chromate 
and the comparison made in the range of 5 to 50 
ppm.” 

More applications could be worked out than 
herein presented, such as 24-hour continuous 
sampling for fluorine and/or hydrogen fluoride; 
i.e. by doubling the sodium hydroxide sampling 
medium to 200 milliliters and halving the sam- 
pling rate to 0.25 cfm. the instrument may prove 
useful in air pollution studies. 


Conclusion 


With proper care the instrument should be 
capable of continuous operation with replace- 
ment of vanes every two years and replacement 
of the motor brushes every 3 or 4 months. 

Calibration is easily accomplished by the use 
of a wet test meter with long established and 
proven procedures. 

In conclusion, it is believed that the compact- 
ness, versatility, efficiency, convenience, and 
freedom from maintenance difficulties offered by 
this device cause it to surpass those now com- 
mercially available. 
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In this report details are given for the con- 
struction of an inhalation exposure unit de- 
signed for pilot scale screening studies of 
chemical materials. The primary features of 
the new unit are versatility and ease of oper- 
ation and maintenance. 


NEW ANIMAL inhalation exposure unit has 
been designed and constructed by this lab- 
oratory for pilot scale screening studies. This 
unit fills the need for an exposure chamber with 
an animal capacity between that of the 20-liter 
laboratory test chamber’ and the 2 cubic meter 
stainless steel units,’ currently used in a five-year 
uranium dioxide study. The new exposure cham- 
ber has an internal volume of about one cubic 
meter and is a two-thirds size reproduction of the 
stainless steel chamber described by Wilson and 
Laskin 
Tests* ° have shown that chambers of this de- 
sign have two characteristics that are essential 
for accurate inhalation studies; namely, good 
airflow pattern and uniform contaminant dis- 
tribution. As illustrated in Figure 2, conditioned 
air and test aerosol are admitted tangentially to 
the short cylindrical section at the top of the 
chamber. In this way the test material is dis- 
tributed uniformly into the chamber atmosphere 
as a result of a mild swirling motion of the in- 
coming air. The exhaust air is drawn axially from 
the bottom of the chamber. Both supply and ex- 
haust air lines are controlled by gate valves to 
allow adjustment of air flow. During operation, 
air flow can also be balanced to maintain a nega- 
tive pressure within the exposure chamber to 
prevent external contamination in the event of 
leakage. 


This paper is based on work performed under contract 
with the United States Atomic Energy Commission at the 
University of Rochester Atomic Energy Project. 

From the Division of Pharmacology and Toxicology, De- 
partment of Radiation Biology, The University of Rochester 
School of Medicine and Dentistry. Dr. Spiegl is currently 
with Continental Can Company, 7622 South Racine Avenue, 
Chicago 20, Illinois. 


An Animal Inhalation Exposure Unit 
for Toxicity Screening 


LEONARD J. LEACH, B.S. and CHARLES J. SPIEGL, Ph.D. 


THe University of Rochester, Rochester, New York 


The mobile platform on which the chamber is 
mounted contains a utility cabinet and an instru- 
ment panel that houses all chamber accessories 
and controls. A built-in exhaust blower and a two 
stage, high-efficiency exhaust air filtering system 
complete the unit. 

Briefly, the normal operating procedure is as 
follows. The chamber doors are closed. The ex- 
haust air blower is first turned on, then the sup- 
ply air fan, and the airflow is adjusted to main- 
tain a negative air pressure within the chamber of 
about 0.05 inches of water. Such balance can be 
achieved with normal airflows between 5 and 40 
cubic feet per minute. Next, test animals are put 
into the chamber and the doors are resealed. 
Finally, the contaminant disperser is placed into 
operation and the chamber air concentration is 
checked by periodic samples taken through one 
of the sampling portholes. To shut down opera- 
tions, the above procedure is reversed. 

Although the exposure unit shown in the photo- 
graph (Figure 1) is set up for a dust exposure, 
it may easily be converted for vapor and mist ex- 
periments by the proper substitution of con- 
taminant dispersers and exhaust air cleaners. 

If a vapor exposure is desired, a bubbler type 
generator could replace the Wright Dust Feed, 
and a vapor scrubber or absorber could be sub- 
stituted for the two-stage exhaust air filter. 

The schematic drawing (Figure 2) shows the 
general piping and equipment layout. The cir- 
cled reference numbers are listed in Table I with 
specific equipment information. It should be 
noted that the schematic drawing (Figure 2) 
shows a recent modification which is not shown 
in the photograph (Figure 1). This modification 
prevents animal excreta and chamber wash water 
from being drawn into the exhaust system. 

During the past year, the equipment described 
in this report has been used successfully in a 
number of experiments involving vapors, dusts, 
and mists. It has proven to be one of the most 
versatile units now in operation in this laboratory. 

ACKNOWLEDGEMENT: The authors acknowl- 
edge with appreciation the suggestions and en- 
couragement given by Dr. Harold C. Hodge and 
Dr. Elliott A. Maynard. 
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No. Description 
1 | Conditioned Air Control Valve 
| 
2 | Aerosol Generator 
3 Chamber Airflow Meter 
4 Aerosol Feed Pressure Gage 
5 Chamber Airflow Gage 
6 Aerosol Feed Pressure Regulator 
7 Chamber Pressure Gage 
8 Air Sampling Flowmeter 
9 Filter Pressure Gage 
10 Static Pressure Manometer 
11 Air Sampling Control Valve 
12 Exhaust Air Filter No. 2 
13 Switch & Pilot Assemblies 
14 Air Sampling On-Off Valve 
15 Electrical Outlet Strip 
16 | Exhaust Air Control Valve 
| 
17 | Exhaust Air Filter No. 1 
18* | Exhaust Blower 


TABLE I 
Equipment List 


| Size, Range or Type 


February, 1958 


Manufacturer 


2” NPT Gate Valve 


Wright Dust Feed 
Stainless Steel Pitot Tuve 
Ashcroft Test Gage, 0-30 P.S.I. 


Diferential Pressure Gage 0-1.0” water | 
(Magnehelic) 


Instrument air pressure regulator 0-30 | 
P.S.I. 

Pressure Gage, 0-1.0” water (Magne- 
helic) 


Rotometer, 0-30 L.P.M. 


Differential Pressure Gage 0-4.0” water 
(Magnehelic) 


0-12” mercury 


144” NPT Needle Valve 


| 

Cambridge Absolute Filter 8” x 8” x 6” | 
thick 


Exhaust Blower, Sampling Solenoid. | 
Chamber Light, Aerosol Feed | 
| 


Solenoid Valve 110v A.C. 
110v A.C. 
| 2” NPT Gate Valve 


| Housing Contains 10” disc of ultrafine 
fiberglass No. 751 | 


| Type 3E Blower, 50 C.F.M. at 4.7” | 
| water | 
| 


* Although this blower has given satisfactory service, it was not specifically designed for this type of application. 
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Sodium Chlorate 


I. Hygienic Standards 


A. 


B. 


Recommended Maximum Atmospheric 
Concentration (8 hours): No specific 
value. 
(1) Basis for Recommendation: Human 
experience in industry. 
Severity of Hazards: 
(1) Health: Moderate. No reported 
studies to evaluate the industrial 
health hazards of chlorates. Dusts 
of them, however, are recognized as 
irritants to the eye, skin, and mu- 
cous membranes after prolonged ex- 
posure” Many instances of oral 
poisoning have been reported dur- 
ing the time when chlorates were 
used as gargles and mouth washes. 
The symptoms following oral inges- 
tion are abdominal pain, nausea, 
and vomiting. The chlorate ion is 
a potent methemoglobin former and 
also induces basophilic stippling and 
altered osmotic resistance of the red 
cells of the bloods No studies ap- 
pear to have been published to de- 
termine whether methemoglobi- 
nemia occurs after exposure to 
chlorate dust. 
Fire: Severe fire and explosion haz- 
ard when intimately mixed with or- 
ganic or other oxidizable substances. 
Short Exposure Tolerance: Not known. 
Atmospheric Concentration Immedi- 
ately Hazardous to Life: Not known. 


(2) 


II. Significant Properties 


Sodium chlorate is a white, erystalline solid. 


Chemical formula: NaClO, 

Molecular weight: 106 

Specific gravity: 2.49 (15°C) 

Melting point: 248°C (begins to 
decompose at 
300°C) 

Water, 101 ¢g at 

20°C 


III. Industrial Hygiene Practice 


A. 


Recognition: By irritation of eyes, skin 
or mucous membranes. Used as a weed 
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B. 


IV. 


. Recommended 


killer, in the textile printing and dyeing 

industry, and in matches, explosives and 

fireworks. 

Evaluation of Exposures: 

(1) Instrumentation: None. 

(2) Chemical: Collection in impinger 
containing water or sodium hydrox- 
ide and estimation by the ferrous 
sulfate-potassium dichromate or po- 
tassium permanganate method.’ 

Control Procedures: 
Minimize dust production and _ spills. 
Maintain good general ventilation. Pro- 
vide local exhaust ventilation as re- 
quired. Approved dust respirators and 
goggles may be needed. Provide clean 
clothing and head covering daily. Rub- 
ber gloves and boots should be provided 
and washed daily. A shower should be 
required at the end of each shift. Safety 
showers should be provided. Do not use 
fire blankets. 


Specific Procedures 


A. 


First Aid: Eyes should be irrigated with 
large amounts of water for 15 minutes, 
followed by medical attention. Induce 
vomiting, if swallowed, and call a physi- 
cian. Keep the patient warm until a 
physician arrives. 


. Special Medical Procedures: No special 


requirements for placement appear nec- 
essary. In the event the material is swal- 
lowed or in the case of very heavy acci- 
dental exposure to dust, blood samples 
should be examined for evidence of he- 
molysis or for methemoglobin formation. 


V. Literature References 


bo 


. Manufacturing 


Jacoss, M. B.: The Analytical Chemistry 
of Industrial Hazards, Poisons, and Sol- 
vents, Vol. I, 2nd Ed. Interscience Pub- 
lishers, Ine., New York, 1949. 
Chemists’ Association: 
Chemical Safety Data Sheet: Sodium 
Chlorate. 

SHREVE, R. N.: The Chemical Process 
Industries, 2nd Ed. McGraw-Hill, New 
York, 1956. 


. SottmaAN, T.: A Manual of Pharmacol- 


ogy, 8th Ed. W. B. Saunders Co., Phila- 
delphia, 1957. 
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2-4 Dinitrophenol 


I. Hygienic Standards 


A. Recommended Maximum Atmospheric 


Concentration (8 hours): Based upon 
comparable data and experience for di- 
nitro-o-cresol,’ it is believed that a level 
of 0.2 milligrams per cubic meter of air 
(mg/m*) is safe. Dust and mist expo- 
sures should be kept well below levels 
where profuse sweating, restlessness and 
fever appear. 
(1) Basis for Recommendation: Human 
experience in industry,‘ and use in 
medicine.” 


. Severity of Hazards: 


(1) Health: Moderate to severe for both 
acute and chronic exposures. Phys- 
iologic effect is to raise the meta- 
bolic rate. Liver and kidney dam- 
age have been reported in chronic 
poisoning.’ Readily absorbed 
through the skin. 

(2) Fire: Dangerous fire hazard when 
dry. 


. Short Exposure Tolerance: Unknown. A 


workroom exposure of 40 mg/m* caused 
the death of two’ workmen.‘ 


II. Significant Properties 


Ill. 


Relative vapor density: 
At 25°C and 760 mm Hg, 


Solubility : 


B. Evaluation of Exposures: 


A yellow crystalline solid with a phenolic 


odor. 
Chemical formula: C,H,OH(NO.). 
Molecular weight: 184 
Melting point: 114°C 
Specific gravity: 1.681 (20°C) 


6.4 (air = 1) 


1 ppm of vapor: 
1 mg/l of vapor: 


0.00753 mg/l 
133 ppm 

In warm ether, 
benzene or chlo- 
roform 


Industrial Hygiene Practice 


A. Recognition: By its taste (bitter), odor, 


and coloring of the body. Major uses are 
for wood preservation and a chemical 
intermediate in the manufacture of dyes. 


(1) Instrumentation: No direct reading 
instruments available. 

(2) Chemical method: Collection by 
impinger and determination by po- 
larography,* or Derrien test.’ 


. Recommended Control Procedures: Di- 


rect skin contact must be prevented by 
the use of suitable protective clothing. 
Where exhaust ventilation cannot effeec- 
tively control dust and mist exposures, 
respirators should be provided. Strict 
personal cleanliness and frequent change 
of clothing is advised. Safety showers 
and eye wash fountains should be pro- 
vided if large seale contamination of 
the body is likely. 


IV. Specific Procedures 


A. 


B. 


First Aid: Remove clothing and wash 
contaminated skin with copious amounts 
of water. Irrigate eyes with water for at 
least 15 minutes. Remove immediately 
from exposure any individuals exhibiting 
excessive sweating, restlessness, or fever. 
Refer affected individuals to a physician 
promptly. 

Special Medical Procedures: Dinitro- 
phenol is a metabolic stimulant. Gen- 
eral illness accompanied by excessive 
sweating are symptoms of acute intoxi- 
cation. Supportive. therapy. with cool 
compresses (or immersion in cool water) 
may be indicated. Individuals with pre- 
existing liver or kidney disease should 
be excluded from working with this ma- 
terial. 
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Industrial Hygienists: AMA Arch. of Ind. 
Health, 16, 262, 1957. 


. Cuttine, W. C., et at: J.A.M.A., 101, 


193, 1933, 


. Fonnesu, H., aNnp Serert, C.: Arch. Soc. 


Biol., 38, 597, 1954. 


. GiscLarD, J. B., AnD Woopwarp, M. M.: 


J. Ind. Hyg. & Tozx., 28, 47, 1946. 
Von OETTINGEN, W. F.: Poisoning. Paul 
V. Hoeber, Inc., New York, 1952. 
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Industrial Hygiene Journal 


Respiratory protective devices are commercially available. Their use, however, should 
be confined to emergency or intermittent exposures and not relied upon as primary means 
of hazard control. 

ading A relative scale is used for rating the severity of hazards: nil, low, moderate, high, and 
extra hazardous. 


Hyctenic Guipes CoMMITTEE 
E. McCormick, Chairman B. Harris 
: Di- Hervey B. Exvxins, Ph.D. MEtvin W. First, Sc.D. 
by Davip W. Fassett, M.D. H. E. Stoxrncer, Ph.D. 
hing. M. Berry, Ph.D. Paut D. 
effec- H. W. SpeIcHER Epwarp V. Henson, M.D. 
sures, 
vers Hygienic Guides and Binders Available 
pro- 
mn of 
NDIVIDUAL Hygienic Guides in loose-leaf form may be obtained from the American 
Industrial Hygiene Association, 14125 Prevost, Detroit 27, Michigan, at 25¢ each. Dis- 
count of 20% allowed on orders of five or more; 40% on orders of 100 or more. Remittance 
wash must accompany orders for less than $2.00. Also available are flexible loose-leaf binders 
yunts for the individual Hygienic Guide sheets. The binders have been especially designed to pro- 
or at vide maximum protection and ease of handling of the Guides. They will be particularly 
ately useful in keeping a permanent file. The binders are blue in color, with white lettering, and 
iting are fitted with %4” rings. The price is $1.25. 
ician 
‘ | AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
cal | 14125 Prevost, Detroit 27, Michigan. 
re 
Ssive Please send the following number of copies of Hygienic Guides at $.25 each: 
itoxi- Acetaldehyde ——Chromiec Acid Nickel Carbonyl 
cool Acetie Acid 1,2—Dichloroethane —Nitrogen Dioxide 
ater) Acetone Dimethylformamide Ozone 
pre- | Acrylonitrile Ethyl Alcohol —Pentachlorophenol and 
10uld Amyl Acetate Ethylene Glycol Sodium Pentachloro- 
ma- Anhydrous Monomethy! Ether phenate 
Ammonia Fluoride-Bearing —Phosphorie Acid 
Aniline Dusts and Fumes Silica (Free Silica, 
Arsine ——F luorine Silicon Dioxide) 
ental Benzene —fFormaldehyde Sulfur Dioxide 
Ind. —_——Beryllium —H ydrogen Cyanide Sulfuric Acid 
Butyl Alcohol Hydrogen Fluoride Toluene 
101, Cadmium — Hydrogen Peroxide Trichloroethylene 
_ Carbon Disulfide Hydrogen Sulfide —1,1,1,—Trichloroethane 
Soc. —_—Carbon Hydrazine ———Vanadium Pentoxide 
Monoxide — Mercury —vXvylene 
Carbon ———Methyl Ethel Ketone ———Zine Oxide 


Tetrachloride | ———Methylene Dichloride 
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